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INSTRUaOR'S MANUAL 
COST-BENEFIT AND COST-EFFECTIVENESS ANALYSIS 



1. Introduction: Purpose and Assumptions 

The purpose of this manual Is to provide guidance to the Instructor 
in the use of the NTDS Curriculum Module on Cost-Benefit and Cost- 
effectiveness Analysis, This guidance Is of two kinds: 0) an over- 
view of the cost-benefit and cost-effectiveness analytic framework so 
that the Instructor will be better prepared to answer the more conceptual 
and general questions regarding these techniques and their practical uses; 
and (2) a step-by-step approach to presenting the lecture material* the 
case studies, and the scenarios in the two-day workshop setting but still 
incorporating sufficient flexibility to fit the particular abilities, 
experiences and needs of both the students and the Instructor* 

It will be assumed that the instructor has: 

(1) been exposed to the underlying basis of cost^benefit and cost- 
effectiveness analysis - marglnality, economic efficiency and the Pareto 
criterion from neo'^classical welfare economics, and can explain such 
technical terms as externalities, risk, uncertainty, demand curves, etc* 
in a pratical context should the glossary prove to be Insufficient or 
questions arise from the discussion of the case stutiles and scenarios 
which entail these concepts* 

(2) had some experience In real-world project evaluation and is thus 
sensitive to the practical difficulties of Identifying and measuring all 
relevant costs and benefits of an alternative course of action, and able 
to suggest surrogate or "short-cut" measures In the evaluation process* 

(3) a good famil1ar11;y with the principles of capital investment 
planning including the choice of the appropriate discount rate, the dis- 
counting procedure, evaluation of the opportunity costs of capital, and 

the proper incorporation of risk and/or uncertainty in the planning process* 

Little prior background Is assumed on the part of the student, but any 
previous academic coursework In microeconomics or management techniques would 
relieve the Instructor of some time In explaining the logic of cost-benefit 
analysis* Obviously any prjor practical experience on the part of the 
students will allow for better discussions of some of the practical problems 
encountered In project evaluation* 

The course is designed for approximately 16-18 hours* A significant 
portion of the second day will be In a free-format exercise in which groups of 
three students will be conducting a prototype cost-benefit or cost-effectiveness 
analysis on a problem of their own choosing* Naturally such an exercise can 
have a variable time-length depending upon the problem chosen* Also, at least 
two of the scenarios can be discussed generally rather than going through the 
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written exercises and detailed calculations. Thus there is a fair degree 
of time flexibility for the length of the course. 

It is suggested that the class size range from 6 to 18. A larger 
size will place an undue burden on one instructor as "consultant*' for 
the final group projects^ while a class size of less than 6 would 
probably not produce a sufficiently "rich" level of total resources for 
the group to draw upon* 



2. Instructor Preparation 

Cost-benefit and cost-effectiveness analysis are deceivingly simple 
techniques but as such can be easily and unknowingly misused by the naive 
practitioner. The main task facing the instructor is to instill in the 
students this appreciation through a critical approach in the instruction* 
This entails a solid knowledge of the "basics" on the part of the in- 
structor » because the naive student will more than likely want to proceed 
uncritically without regard to understanding the underlying assumptions 
of the techniques. The instructor should also become familiar and facile 
with the technical language of cost-benefit and cost-effectiveness analyses 
(refer to the glossary) so that the student will more comfortably ease into 
the unknown territory. In addition the instructor should have in the front 
of his(her) mind the most ccflflion errors coimitted in application of these 
techniques and be able to spot them in the students' work. 

The following resource materials and/or suggestions should be found 
helpful for the instructor in preparation for presenting the course: 

(1) For the economic theory underlying cost-benefit analysis* E* J* 
Mishan» Elements of Cost-Benefit Analysis (Loiidon: George Atlen and Unwin 
Ltd.)» 1972» or E. J* Mishan* Cost-Benefit Analysis (New York; Praeger) > 
1976 (new and enlarged edition) is easily the most comprehensive and read- 
able work around > 

(2) For a critique of benefit-cost analysis and a guide to the major 
problems in its use» readj Leonard Merewitz and Stephen H* Sosnickj The 
Budget's New Clothes > (Chicago: Markham Publishing CoJ» 1971. 

(3) For a selection of other cases covering various functional areas » 
see Harley Hinrichs and Graeme Taylor^ Program Budgeting and Benefit-Cost 
Analysis . 

(4) Read the case studies and scenarios in the Instructor's Guide 
Appendix and become familiar enough with these to envisage likely questions 
and problems from the students. 

(5) In addition to being able to explain the calculations necessary 
in the case stucfy and being able to perform the calculations needed to 
solve the scenario problems^ the instructor should also be able to explain 
the rationale of why the problems are structured the way they are» and^ if 
relevant^ to discuss alternative ways of structuring the same problems. 
The author has learned from the experiences in teaching this material that 
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approaches to problem structuring are the most important skills to be 
learned but are also among the most difficult, A particular case study 
and scenario then offer one way of approaching a problem but the in- 
structor should explore with the students alternative ways for each 
general problem situation that is posed in the curriculum materials. 

(6) The last exercise asks each small group of students to articu- 
late a problem and then to outline the appropriate solution using either 
cost-benefit or cost-effectiveness as an analytic framework. Be prepared ^ 
with several rich problem ideas in case a group is not able, or un^ 
willing to provide its own. 

(7) Try to talk to someone else who has conducted this course in 
order to share his/her experiences and be warned of possible pitfalls. 

(8) Read the Overview Section of the manual to see how cost-benefit 
and cost-effectiveness relate to the overall policy-analysis process. 

(9) Become familiar with the material in "Building a Learning Community," 
No. 6, The NTDS Training Series, by David A. Kolb, whi:h may be helpful to 

the instructor for providing an atmosphere conducive especially to adult 
learning. 



In addition you should make the following arrangements (or make sure 
they have been made for you) for the actual operation of the course: 

(10) Have available a room large enough for eighteen students with 
tables that can be rearranged for groups of three students to work in 
relative isolation. For most of the course a "U" shaped arrangement of 
tables with the instructor at the open end is suggested. 

(11) A wall blackboard or large portable blackboard and chalk for the 
instructor's presentations and solution to scenario problems, 

(12) A portable blackboard and chalk or rolls of newsprint, tape, 
markers and vertical surface for every three students. 

(13) A portable electronic calculator for each student (each student 
should be notified to bring a personal calculator). 

(14) Accessibility to a copying machine on an ''on-calW basis, 

(15) Name Tags, writing utensils and sheets of legal size paper for 
each student. 

In addition to all of this, the instructor should make sure that each 
student will have been mailed the Overview Section and Glossary of the 
Student Manual at least two weeks before the workshop date. Information 
on the relevant background of each student would be valuable for the in- 
structor to have prior to conducting the workshop. 
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3. Course Structure 

The workshop, as has been noted, has been designed for between 16-18 
instructor-student contact hours. Elements of the course include lecture 
material, exercises, case studies, and scenarios. Normally the course 
would be scheduled on two consecutive days from 8:00 a.m. to 5:00 p.m. 
with appropriate meal and coffee breaks. A prototypical schedule is pro- 
vided in Table 1. The instructor and students can, however, shorten the 
course in ways described earlier or by meeting at night the first day. 

Each eleirjent of the course will now be described in turn. In many 
cases the rationale for the element is discussed and also some suggestions 
for discussion have been included. 



3.1 Analysis of Decision To Attend (page VI. 5. 9) 

(a) Ask each participant to complete the questionnaire (included in 
student manuals). You should allow about 15 minutes. 

(b) Now ask each participant to introduce himself (herself) and to 
share with the group any information and thoughts elicited on the question 
naire that he(she) wishes to publicly express at this time. 

(c) Collect the questionnaires and save. 



3.2 Outline of the Elements of the Cost-Benefit Analytic Framework 

Before presenting the lecture material outlined below. It is recom- 
mended that the instructor: (1) remind the participants that Included 
in their student manuals are the Overview Section and the Glossary of 
Frequently-Used Terras in Cost-Benefit and Cost-Effectiveness Analysis, 
and that they should refer to these materials in the course of the work- 
shop when appropriate; (ii) ask (somewhat rhetorically) the students for 
their perceptions of what cost-benefit/cost-effectiveness is, and prod 
them to improve upon their answers. Finally write the best suggested 
description In one corner of the blackboard to which you may refer back 
after the lecture material has been presented and point out Its inadequaci 

Much of the scope of this material may be gleaned from parts of the 
Overview section and from introductory chapters of books on cost-benefit 
analysis and/or project evaluation, e.g.^ J. Mishan, Elements of Cost- 
Benefit Analysis , or Arnold C. Harberger, Project Evaluation ; see biblio- 
graphy (page VI. 5. 45) for a more complete list of references. 



3,2.1 Scope of questions/problems which would make use of cost-benefit/ 
cost-effectiveness analysis: decision-making among alternative choices 
with limited resources. 
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TABLE 1- 
Element 



1 

2 



4 
5 



6 
7 



9 

10 
11 
12 
13 



Protoptypical Schedule of 

Time 
Day 1 

8:00 - 8:15 

8:15 - 8:45 

8:45 -10:15 

10:15 -10:30 

. 10:30 -10:45 
10:45 -11:15 
11:15 -12:00 

12:00 - 1:00 

1:00 - 2:30 

2:30 - 3:15 

3:15 - 3:30 

3:30 - 4:15 

4:15 - 5:00 

Day 2 
8:00^8:15 

8:15 - 9:30 

9:30 -10:45 

10:45 -11:00 

11:00 -12:00 

12:00 - 1:00 

1:00 - 3:00 

3:00 - 3:15 

3:15 - 5:00 



Cost-Benefit and Cost- Effectiveness Workshop 
Description 

Coffee, Announcements 

Analysis of reason to attend 

Overview of cost-benefit 
analytic framatrork 

Exercise 1: Present-value 
technique 

Coffee Break 

Discussion of Exercise 1 

Exercise 2: Criteria for 
evaluation 

Lunch 

Case Study and Scenario 1 
Case Study and Scenario 2 
Coffee Break 

Discussion of Scenario 2 
Case Study 3 

Announcements, Coffee 
Discuss Scenarios 3a, 3b 
Case Study and Scenario 4 
Coffee Break 

Discussion of Scenario 4 
Lunch 

Exercise 3: Group Projects 
Break 

Group presentations 
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a. Allocation of resources among different levels of a hierarchical 
system (e.g.. Central, regional, local). 

b. Allocation of resources to alternative systems (technologies) for 
meeting a designated (set of) objective(s)« (e.g.. photocopying vs. sub- 
scription of technical jorunal articles in libraries). 

c- Capital investment decisions, 

d. Program proposal alternatives (when program benefits can be ex- 
pressed in dollars, or when two or more programs would achieve equal levels 
of benefits or levels of effectiveness). This is a characteristic problem 
in the overall context of program budgeting. 



3.2-2- Brief history of the use of cost-benefit and cost-effectiveness 
analysis in the public sector in the U,S, 

(See Overview section in the student manual and instructor's manual 
for the briefest history; for a longer (but still brief) history, see L. 
Merewitz and S. Sosnick* The Budget's New Clothes . Chicago: Markham. 1971. 
pp. 9-12. Other standard books on project evaluation usually provide short 
sections on the history of cost-benefit analysis.) 



3,2.3- Relationship To Program Budgeting Framework (See Figure 1). 

(a) Cost-benefit/cost-effectiveness serve as evaluative tools of 
current programs and sub-programs. 

(by They are also useful for planning purposes— evaluating the economic 
feasibility of future projects when future costs and benefits can be identified. 



3.2.4 Identifying and Estimating Benefits and Costs (This will be discussed 
in more detail later. ) 

(a) T^pes of benefits 

(i) Increased willingness of users to pay (increased demand) (See 

Figure 3 and explanation of estimating consumers* surplus) 
(ii) Increases in capital values 
(iii) Cost savings (e.g.. from a fall in price) 
(iv) Increase in "societal income" (e.g.* through increased 
productivity) ^ 

(b) Types of costs (see Figure 2) 
(i) Research and planning costs 

(ii) Investment outlays 
(iii) Operational/maintenance costs 
(iv) External costs and opportunity costs 

.9 
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Figure 1: Cost-Benefit/Cost-Effectiveness Analysis In Program Budgeting 
Framevfork. 



Agency/Institutional 
Objectives 

1. 

2. 

3. 



Program 
Categories 

1. 

2. ■ 

3. ■ 



Program 
Elements 



1. 

2. 
3. 



Performance Review and Evaluation 
(Analytic Tools Such As Cost-Benefit/ 
Cost-Effectiveness) 
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3*2*5 Estimating Consumers* Surplus 



As an example^ suppose that a new bridge is planned to be built in a 
conmunity* We seek to estimate the benefits owing to potential consumers 
of the services provided by the new bridge* 

Marginal 
Valuation 
{$) 




I I I i I I I I I 1 1 



No. 



of bridge trips 



Figure 3* Individual Demand Curve 



The demand curve in figure 3 indicates the maximum price an individual would 
be willing to pay for the nth trip across the bridge/unit time (e,g.> one 
working week)/ Thus the individual is willing to pay $A for the C trip but 
only $E for the F trip* The market demand curve is the horizontal summation 
of all individual demand curves and can be regarded as the marginal valuation 
curve for society. 



Figure 4* Adding Individual Demand Curves 




Demand Curve For Demand Curve For Social Demand Curve 

Individual i Individual j (Individuals i and j) 

Assume the demand curves for all potential users of the bridge have been 

estimated and added together to form a total demand curve for the services 
of the bridge (Figure 5). 
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Suppose that N trips across the bridge would be taken in one week. Society's 
benefits of having the services of the bridge can be represented by the area 
underneath the demand curve up to N (DPMN)- If the price charged Is OL (toll), 
the total expenditure by users Is the area OLMN (price times quantity) > The 
difference between the total benefits accruing to the use of the bridge and 
the total expenditures by the users is the area In the triangle LPM, which 
is the measure of the total consumers* surplus* 

- If no tolls were charged, the total consumers' surplus would be OPQ* 

- Estimates made of consumers* surplus that would accrue due to a project 
are entered as benefits In the costs and benefits ledger. 

- The instructor may wish to explore the estimation of consumers* surplus 
when a project under consideration when completed would reduce the 
cost of provision of a service: 



If a given capital investment (branch library were to result in the price 
of a service (e.g* travel costs to use a library) to be reduced from R to R', 
and PQ was the estimate of the danand curve for the new branch library, the 
consumers* surplus would be the cross-hatched area R''RSS^. This is composed 
of two components—the costs-savings rectangle (R'RST) which is the savings 
per trip times the original number of trips, and the consumers' surplus 
accruing either from an additional number of library trips made by the same 
users (because of added convenience) or by new users* 

- The cost-'Savlngs of rectangle is usually accepted as the minimum 
estimate of the total benefits. 

' Of course this does not take into account lost usage of the other 
branches of the library and should when examining all relevant costs 
and benefits - 

- In sunmary, the estimation of consumers' surplus is an extremely 
Important element in the estimation of benefits in any cost-benefit 
framework* 






V 

Figure 6 
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3.2.6* The Valuation of Time; Need For Converting The Time Stream Of 
Benefits and Costs Into Present-Value. 

(a) Homogeneity and comparability require that dollars (benefits 
and costs) be evaluated at one point in time. 

(b) Ask class how much money th^ would need to be offered one year 
from now so that th^ would be indifferent to having $100 todgy. 
The ratio is their individual discount rate. 

(c) The **proper'* discount rate measures the social rate of time 
preference - reflecting society*s greater value placed on things 
in use now than their potential use tomorrow. 

(d) What discount rate should we use in practice? - Investment 
opportunity rate as a minimum r'ate, which is the cost of ob- 
taining capital to the organization. 

(e) Stream of benefits and costs over the life of the project . 







!2 


!3 


t 

n 






^2 


B3 .... 


. . . . B 

n 






^2 


C3 .... 


.... c„ 



(f) We use the discount rate to transform all future benefits and 
costs to present value (B^, C^). 

(g) Present Value (P.V.) = 

B + B, + B, + B- B 

0 1 c 3 n 

(1+r) (1+r)^ (1+r)^ (Ur)" 
(same for costs) 

where B^, B^, B^ B^ is the stream of benefits 

r is the social rate of discount 

P.V. = z "i 
(Ur)^ 

(h) If the stream of Benefits and stream of costs were proportional 
to one another, there would be no need to convert to present- 
value. It is because benefits and costs typically accrue at 
different points jn time that present value techniques must be 
used. 

i3 
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3.2.7 Calculating the benefit-cost ratio. 



(a) 



Need only the totalpresent value of benefits and costs. 



(b) 



Benefit-cost ratio * P.V. benefits 

P.V. costs 



3.3.1. 
3.3.2. 



for each alternative course of action. 

) That alternative which has the highest benefit-cost ratio is 
the most efficient and hence the "best" course of action to 
meet the agency's objectives - assuming aTl_ relevant benefits 
and costs were properly identified and measured. 

ercise 1: Present Value Technique (page VI. 5. 11) 

Ask the participants to read Exercise 1 and to write down the 
answers to the two questions at the end of the exercise. Allow 
about 15-20 minutes to complete the exercise. 

Discussion of Q.l . Ask the class question 1. Prod them closer to 
the correct answer(s), or ask the question slightly differently, 
"Why doa^ Proposal II come out better under a higher discount rate"? 

(a) Proposal ITs costs are proportionately farther in the future 
than Proposal I's. 

A higher discount rate will more heavily discount (lower in 
present-value $) Proposal II's cost stream than Proposal I's. 

(b) To emphasize this point* ask the class to examine the present- 
value table attached to Exercise 1^ 

(i) Point out the fact that when looking down any column, the 
increiTtents get progressively smaller. 

(ii) Across any row (e.g., 30 years)» $10/year in costs gets 

reduced from $300 total costs undiscounted to only $130.77 
at 658 and only $80.05 at 12*. 

Ask anyone for the answer to Q.2. 
Correct answer: 

At BX, over 20 years of useful life. 

(i) P.V.I. = 15M + 9.B18M = $24,B1B,000 
(ii) P.V. II. = 5M + 19.636M = $24,636*000 

Proposal II is preferred. 
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3.3.4. Now ask the cioss to calculate at what discount rate (over 20 

years useful life) one would be indifferent between the two pro- 
posals. (Allow about 8-10 minutes for this). 



Answer: 

Proposal I 
15.0 + 1.0 PVF 



Proposal II 
5.0 + 2.0 PVF 



where PVF is the present value factor. 

Solving for PVF, 
PVF = 10.0 

Find 10.0 in present-value table for 20 year useful life. 

The discount rate at which we would be indifferent is just under 8%. 

This is the internal rate of return between the two alternatives. 

3.3.5. Briefly explain the significance of the internal rate-of- return as 
an alternative to discounted present-value. 

(a) Internal rate of return for a single alternative is that rate- 
of return which yields the total costs = total benefits. 

(b) Example of use of internal rate of return as criterion. 



Proposal A 

Benefit Stream 0 210 100 

Cost Stream 100 100 100 

Proposal B 

Benefit Stream 0 100 221 

Cost Stream 100 100 100 

Convert to net benefit stream: 



Proposal A 
Proposal B 



0 

-100 
-100 



-I 
+110 

0 



-2 
0 

+121 



Internal Rate of Return of Proposal A: 
Costs Benefits 
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100 



0.10 



110 

n+F7 
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Internal Rate of Return of Proposal B: 

100 = 121 
{l+r)2 

(r^ + 2r + 1) = 1.21 

(r^ + 2r - 0.21) = 0 
(r -0.1){r + 2.1) 
r = 0.1 

In this case the internal rates of return for each proposal are equal. 
Now, if the discount rate were actually = 1%, proposal B would have the 
higher discounted present value of net benefits: 



!o 


> 


!2 


Internal 
Rate Of 
Return 


B-C B-C B-C 

c c c 

at 1% at 10% at 20% 


A -100 


110 


0 


0.10% 


.09 0.0 -XLOB 


B -100 


0 


121 


0.10% 


.19 0.0 -0.16 


If the actual discount rate were higher than 10%, both proposals would produce 
negative rates of return, but Proposal B would be rnore negative than Proposal A 


(c) Now consider other alternatives 


in addition to A: 








Internal 
Rate Of 
Return 


PV (B-C) 
C 

at 3% 


A -100 


no 


0 


0.10 


0.07 


C -100 


0 


115 


0.07 


0.08 


D -100 


106 


0 


0.06 


0.03 


E - 50 


52 


0 


0.04 


0.01 


F -200 


2 


208 


0.02 


-0.01 



The proposals are listed in declining order of internal rates of 
return* yet at the prevailing 3% discount rate. Proposal C is superior. 

Stress the point that alternatives A>B,C, and D are all legitimate 
proposals since their internal rates of return are all higher than the 
adopted discount rate. Proposal E*s internal rate of return is less than 
the adopted discount rate and thus is not economically efficient. 

(d) Sum up the practical importance of discounting benefits and costs into 
present value and that not choosing the proper discount rate can easily bias 
the decision* 

16 
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' Typically choosing a hi gh discount rate will introduce bias in favor 
of rejecting projects since the benefit stream is proportionally weighted 
further in the future than the cost stream- 

' Choosing a low discount r te will introduce bias in the opposing 
direction. 

3.4. Exercise Z: Criteria for Evaluation (page VL5J4) 

3.4.1. Ask the participants to read Exercise 2 in their student manuals* 
think about the questions at the end, and to jot down their ideas 
on paper. [Allow about 10 minutes). 

3.4.2. Discussion of questions. The issues of scale and comparability of 
projects are at issue here. If five regional facilities c^jld be 
built then clearly this would yield both the highest benefit-cost 
ratio and excess benefits. 

3.4.3. Emphasize: 

(a) The need to have comparable alternatives which are being comparatively 
evaluated (thus need to refer back to objectives). 

(b) The flexibility allowed and/or a cost constraint for the project 
must be taken into account to decide which criterion to use and 
hence which alternative is preferred. 

3.5, Case Study and Scenario 1: Simple Cost-Benefit Analysis (page VK5.15) 

3.5.1. Ask each participant to read Case Study 1 (allow about 10 minutes). 
Stress the importance of separating costs and benefits (or not to 
"double-count") in reading the case study, 

3.5.2. After the participants have read the case study, ask if there are 
any questions about (i) the validity of the procedure, (ii) the 
inclusion of all relevant costs and benefits. The fact that time- 
savings is the only considered benefit of the new link may be worthy 
of discussion. Point out that the cost items have been separated 
prior to discounting since the items have different designated useful 
1 i ves , 

3.5.3. Ask the participants to read Scenario 1 and to solve the problem, 
(Allow about 15-20 minutes). 

3.5.4. Solution to Scenario 1: 

(a) Separate the two sections of the link and compare each proposed 
section with only the relevant existing section: 

(b) Section I: 

- ^ 5s[(0,1002 X K4) - (0,0877 x 0.9)1(2500 + 2000)(365) 
= '5[0,1403 - ,0789)(4500)(365)] 
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C^-Cq = {0.0872)(35,000) + 0.0619(13,000) + 0.0665 

(225,000) + 783 - 1540 

= 3052 + 805 + 14,962 + 783 - 1540 

• 18,062 

AB ^ 50,424 ^ 2 79 
tC 18,062 ^''^ 

(c) Section II 

B^-Bq = »sl(0.1061 X 1.1) - (0.1040 X 0.8)](2500 + 2000)(365) 
= Js[0.1167 - 0.0832) (4500) (365) 
= Js(0.0335((4500)(365) 
= 27.511 

C^-C^ = 0,0872(38,000) + 0.0619(24,000) + 0.0665 
(230,000) + 720 - 1210 
= 3313 + 1485 + 15,295 + 783 - 1210 
= 19,603 

AC 19,603 '-^^ 

(d) Alternative decisions 
(i) Build only Section 1 

(ii) Build only Section 2 
(iii) Build both Sections 1 and 2 
(iv) Do not build any sections. 

(e) Decision Analysis 

Since each new section alone would be justified on the basis of 
economic efficiency, alternative (iv) can be eliminated. One can then 
argue from the geometry that both sections should be built (since there 
is no cost constraint given), without' needing additional data to do another 
analysis in which both sections are considered together. This approach to 
structuring the problem is a simple form of branch and bound decision-making. 
This entails being able to hierarchically disaggregate the whole problem into 
several discrete sub-problems, but such that there are no important neg ative 
interaction costs anong the sub-problems at any level of the hierarchy (in 
this case there are only two levels). Discuss this as a practical strategy 
for doing cost-benefit analysis for certain kinds of problems. 
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(f) Marginal vs. Averaae Benefit-Cost Ratio 

We can approach the problem above in a different way. If we had to 
pick the alternative in (d) above with the highest benefit-cost ratio > 
we would choose (i) build section II only (ratio = 2.79). Yet after this 
would be built> the benefit-cost ratio of new Section II (1.40) would 
justify building it too> if> again* there would be no negative interaction , 
costs of linking section II with section I, This illustrates the difference 
between "marginal" thinking and "average" thinking in cost-benefit analysis: 
"average" thinking would result in just building section I; marginal think- 
ing would result in both sections being built. Cost-benefit analysis is 
based upon "marginal" thinking . This same point can be illustrated with 
numerous other examples of projects with increments of investment or scale. 

(g) Other points to re-emphasize from Case Study 1 

(i) Decomposition of cost items when they have different project lives 
or would have different discount rates. 

(ii) Net savings in costs are represented as benefits; benefits and costs 
are often duals in the same problem and while one can consider each 
to be a negative of the other* one must be careful so as to not 
"double-count" (in an accounting sense). 

(iii) Watch for interaction effects among alternative courses of action. 

3.6. Case Study and Scenario 2: Simple Cost-Effectiveness Analysis (VI. 5. 23) 

3.6-1. Before instructing the participants to read Case Study 2> outline 

the following differences between cost-benefit and cost-effectiveness 
analysis. The rudimentary difference should have been briefly de- 
scribed in the Overview section above. 

(a) Whereas cost-benefit analysis uses a criterion of efficiency - 
"the most bang for the buck"> cost-effectiveness uses the 
criterion of effectiveness - "an acceptable level of performance 
at the least cost." 

(b) .Put another way^ the criterion of efficiency maximizes the level 

of performance among alternatives subject to a total cost constraint; 
effectiveness seeks the alternative which minimizes total cost but 
subject to an acceptable level of performance. 

(c) More practically^ cost-effectiveness analysis avoids the need for 
estimating benefits (often troublesome) and transforming all 
benefits into dollar units. 

(d) Cost-effectiveness analysis allows various measures of performance 
to be kept in their "natural" units* and qualitative measures can 
be incorporated into the calculus. 

3.6-2. Now ask the participants to read Case Study 2» and to pay particular 
attention to the different kinds of effectiveness measures that were 
used, (allow about 10 minutes). Ask if there are any questions be- 
fore proceeding to the Scenario. 
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3*6*3. Ask the participants to read Scenario 2 and to solve the problem. 
(If they can not do the calculation, ask them to structure the 
problem as if they were given the individual cost items). 

3.6.4. The solution - see Table 3.6 

(a) The calculations for noise standards, span width and U.S.A. 
bonus are all straight forward. The time penalty calculations 
are more intricate. Most participants will not know how to do 
this section* and the instructor may choose to "gloss over this" 
and just accept the travel time differentials as given. 

(b) Travel time calculations 

(i) In general one divides the average 1 mile trip into three 
segments: acceleration^ maximum speed* deceleration. One 
then calculates the elapsed time for each segment, 
(ii) Safeage 

Mean acceleration rate - 3.3 miles/hour/second 
Maximum speed = 50 miles/hour 
Time to reach maximum speed {acceleration time) 
~ 50 = 15.0 seconds 
3.3 

Acceleration distance 

= 25 m.p.h. X 1_ X ^ minute * 25 miles 
60 ?40 

Oeceleration distance = 25 miles 

240 

Oistance at maximum speed = 240 - 25_ - 25_ - J90 miles 

240 240 240 240 

Time at maximum speed = 190 miles t 50 miles/hour = 19 hours 

- 19 X 3600 seconds/hour « 57 seconds 

1200 

Total trip time * 57 seconds + 2(15 seconds) * 87 seconds. 

(11i) Ouorail 

Mean acceleration rate * 3.0 miles/hour/second 
Maximum speed ^ 60 miles/hour 
Time to reach maximi^ speed ~ 20 seconds 
Acceleration distance - 30 miles/hour x 1 x 1_ minute = 1 mile 

KO 3 I 

Deceleration distance ^ 1 mile 

J 

Oistance at maximum speed = 2/3 mile 

Time at maximum speed ^ 2/3 miles f 60 miles/hour = 1_ hour 
= 1 X 3600 = 40 seconds 90 

Total trip time = 40 seconds + 2(20 seconds) » 80 seconds. 
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SOLUTION TO SCENARIO 2 



Benef i ts 



Revi sed 



Additional 

o LanQarab 


Out cdyc 


rill ^ 1 
uurura 1 1 




U 1 Lit An 


Noise 


0 


External 
88 — >81 

D ) U ) UUU 


External 
85 — >81 

■ ) 1 DH 9 UUU 


Internal 
81— >75 

C 9CD t )UUU 


Span 
Width 


5 ft. 
2,500,000 


2.5 ft. 
1,250,000 


0 


0 


Total 
Costs 


42,555,000 


37,875,000 


34,274,000 


34,711,000 


USA 
Bonus 


1,702,200 


3% 

1,136,250 


55» 

1,713,700 


n 

357,110 


Time 
Savi ngs 


87 sec. 
2,500,000 


80 sec. 
6,500,000 


107 sec. 
0 — ^92 sec. 


90 sec. 
1,000,000 


Revised 
Net Costs 


38,352,800 


30,238,750 


32,560,300 


33,353,870 



Still 
Preferred 
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(iv) Alweg Monorail 

Mean acceleration rate - 2.8 miles/hour/second 
Maximum speed * 50 miles/hour 

Time to reach maximun speed ~ 18.0 seconds (approx.) 
Acceleration distance = 25 miles/hour x 1 x 18 = 1/8 mile 
Oecelaratlon distance « 1/8 mile 3600 
Olstance at maximum speed ^ 3/4 mile 
Time at maximum speed 
* 3/4 mile ^ 50 miles/hour - _3_ hours 

200 

- 3_ hour X 3600 seconds/hour - 54 seconds 
200 

Total elapsed time = 54 seconds +2(18 seconds) - 90 seconds 
3,6,5, Oiscussion of the structuring of the problem solution in Table 3.6. 

(a) The U,S,A, bonus must be based on the total capital costs before 
adding time savings. 

(b) Time savings are relative to the slowest alternative and thus 
represent cost savings or benefits, 

(c) The problem Is not a pure cost-effectiveness analysis—measures of 
effectiveness have been converted Into dollar benefits, (Ask the 
class what the solution would look like if the problem were retained 
as a more or less pure cost-effectiveness analysis, 

(d) What is the dollar value of time savings? (Explain that this Is 
a frequent benefit itme in cost-benefit analysis, and is often 
problematic. Many economists use the hourly wage level as a 
measure of the opportunity cost of travel- Other economists feel 
that this value is too high, 

(e) How does one estimate the true social costs of noise, including 
health damage (physical and mental), structural stress on buildings, 
etc-? 

3,7, Case Study and Scenario 3 -- The MorganvlUe - LTIC Program , (pagp VI, 5, 26) 

3,7,1, Rationale, This case study and scenario place emphasis upon evaluating 
alternative on-going programs rather than capital facility projects. 
Thus while present-value techniques are not as Important, the Issues 
of Indirect costs and benefits, externalities (of spill -over effects), 
^and the distribution of the various costs and benefits become central. 
In addition, this case study and scenario pose the problem of carefully 
defining the objectives of the programs~1s it to reduce unemployment 
or alleviate poverty? The evaluation of each program category should 
depend upon which objective is chosen, but the case study purposely 
keeps the objective ambiguous. 

3,7,2 Ask the participants to carefully read the case study and to jot down 
on paper any logical errors or omissions in the analysis. (Allow 15- 
20 minutes). 
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3.7.3, Some questions for discussion: 

(a) Is the claim of efficient use of society's resources justified? 

(b) Would employers be subsidized for the total costs of job-training? 

{c) Should firms be financing part of the training programs them- 
selves (in the name of efficiency )? 

(d) Does the estimate of benefits properly include the multiplier 
effects of the investment? 

(e) What relevant cost and benefit items ma^ have been omitted in 
the analysis (e.g.» displacement of private sector agencies » 
additional costs to marginal businesses due to upward pressure 
on wages » displacement of jobs from presently employed^ skilled 
labor, costs of **over-training'*K Which of these are justified? 
How should one deal with these items in the analysis? (At this 
point the instructor should be discussing the general problem 
of dealing with indirect costs/benefits and externalities). 

3.7.4, Ask the participants to now read Scenario 3 and to answer the questions 
posed, (Allow about 25-30 minutes), 

3.7.5, Discussion of key questions in Scenario 3- 

(a) Based upon the data given, and using poverty-level B, the averag(i 
member of each of the categories of LTIC trainees without training 
would have an income below the poverty line. The earnings 
associated with training , however, were insufficient to push the 
average earnings above the poverty line (male on-the-job trainees 
as a category came closest to crossing the threshold,) 

(b) Using poverty line definition A, the average male on-the-job 
trainee would not be considered below the poverty line wi thout 
training, although the average trainee in each other category 
would be below. The earnings associated with training would 
push the average trainee in these categories above the poverty 
line, 

(c) Since the poverty line definitions are so arbitrary (whether to 
multiply minimum adequate food budgets by 1,67 or 3,0, or the 
designation of what the minimum adequate food budget actually 
should be), can one make a sensible evaluation of whether the 
antipoverty programs were distributionally effective? 

(d) Should effectiveness of the program be judged according to 
whether the incomes of the trainees are raised above the poverty 
line (however defined), and no value placed upon any Income 
Increase in earnings due to training? How would the latter be 
operationalized in the analysis? (Note the differences but easy 
transferability between cost-benefit and cost-effectiveness 
analysis in this scenario). Can cost-benefit analysis address 
distributional questions or merely allocative ones? 
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3.8* Case Study 4: Sensitivity Analysis of Cost-Effectiveness (page VI. 5. 31) 



3.8.1. Briefly explain the rationale of sensitivity analysis: 

(a) To what degree does the value of the evaluation criterion 
depend upon a particular quantitative or qualitative value 
of a coefficient or parameter that has been assumed in the 
analytic procedure? 

(b) How does the numerical value of the evaluative criterion 
change when a particular parameter, coefficient or assump- 
tion changes in value {as a result of new information, better 
estimation procedures, changes in the state of the world, etc.)? 

(c) Ideal mathematical form of a sensitivity coefficient: 

AC 

where AY represents the change in the output, or level of the 
evaluation criterion (e.g* benefit-cost ratio), and tC repre- 
sents a unit or incremental change in a particular parameter 
or coefficient. 



3.8.2. Ask the participants to read Case Study 4, Ask if there are any 
questions about the model or why it is a measure of cost-effectiveness 

3.8.3. Depending on the remaining time and the interests of the class. 
Scenario 4 may be skipped, left as an exercise to be optionally done 
after the workshop, or done In class. If done In class, allow 
about 30 minutes to answer the questions. 

3.8.4. The solution: 

(a) X = A + B 
D+E-C 

A = $20,000/journal 

B = $7.15 + $5.81 = $6/48/journal {assuming 50% of journals 
2 

are stored in the reserve room - any reasonable % is allowed) 

C ^ $0.93/request {with file copy) 

0 ^ 628($2.89) + 374{$l/31) + 196($4.12) 

1198 

using a weighted sum with weights corresponding to requests from 
various sources in 1976. 



= $2*60/request 
E « 0.0 

. . X = 20.00 + 6.48 ' 15,86 
2.60 - 0.93 

Critical nwnber of requests » 16. 
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(b) If subscription price increases $l/journal, increases to $16.46 
so iiY = 0.60 requests/$. Thus the critical number of requests 

AC 

Is relatively insensitive to changes In subscription prices. 

(c) If the salary clerk's salary increases from $0.07/m1n. to $0.09/m1n 

(1) The handling costs of owning a journal Increases from $6.48 
to $6.86, 

(11) The cost of obtaining an article from the Rholdvllle Library 
shelf Increases (with file copy) from $0.93 to $1.02. 

(Hi) The cost of obtaining an article from the State Library 
Clearing house increases from $2.89 to $2.97. 

(Iv) The cost of obtaining articles from the adjacent county 
library increases from $1.31 to $1.38. 

(v) The cost of obtaining an article from the State University 
Library Increases from $4.12 to $4.20. 

.*. D Increases from $2.60 to $2.67 

X = 20.00 + 6.86 = 12.68 
"2.67 - 1.02 

X increases 16.28 - 15.86 = 0.42 requests with an increase 
of $0.02/m1nute in the serial clerk's salary. 

The critical number of requests is very Insensitive to changes In the 
serial clerk's salary. (Explain mathematically wiry, If not obvious to the 
class.) 

(d) If the price of purchasing an article from the State University 
Library increases from $4.12 to $8.24, D Increases from $2.60 
to $3.27. 

* 

. . X decreases to 11.32 requests. 

(e) Time delay costs change from $0.50/day to $0.75/day 

(1) At $0.50/day, E = 628(10.0) + 374(4.0) 

E = 628(10.0) + 374(4.0) + 196(16.0) (0.50) 
T198 

E = 9.109 (0.50) = $4.55 

X - 20.00 + 6.48 = 4.26 requests per year to justify 

2.60 + 4.55 - 0-93 subscription 
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(ii) At $0.75/day> E = 9.109(0.75) = $6.83 

X =5 20.00 + 6,48 = 3.12 requests/year 

2.60 + 6.83 - 0.93 

Thus the critical number of requests decreases drastically 
when time delay costs are included^ and moreover^ X is 
relatively sensitive to changes in time delay costs. 

3.8.5. Discussion. Examples of different models for sensitivity analysis 
for different problems might be appropriate. 

4.0 Lecture Material - Some Practical Elements in the Use of Cost- 
Benefit and Cost-Effectiveness Analysis 

4.1 Estimating future benefits 

(a) Entails projection of future technology 

(b) Entails projection of changes in tastes 

(c) Entails projection or organizational changes (supply) 

(d) Entails forecasting future socio-economic settings, including 
income » prices 

- Because future benefits are difficult to estimate* many analysts will 
only claim that their estimate is a plausible lower bound . This is a 
deliberate conservative bias. 

- Benefit measurements are quantifications of the extent to which 
desirable effects occur (or will occur). In order to know what is desirable* 
we must have well-defi ned objectives and goals for the organization. 

4.2 Techniques for estimating costs 

(a) Use of unadjusted past and current data applied to the future 
(e-g-> linear extrapolation) 

(b) Preparation of "internal engineering" estimates 

(c) Use of vendor estimates 

(d) Statistical estimation (e.g. multiple regression^ other functions). 

(e) Special cost-models built for the particular problem* 

4.3 Coping with Uncertainty and Risk 

(a) Difference between uncertainty and risk. 

(i) Risk - known probabilitifes of future states. 
(It) Uncertainty - unknown probabilities of future states. 

(b) Sane reasons for existence of uncertainty and risk 

(i) Changes in the econoiny Including prices^ Income^ interest 

rates on capital 
(ii) Discovery of new sources of supply 
(iii) Technological innovations 
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(c) Methods for coping with uncertainty and risk 

(i) Cut-off period - will not take on a program unless the 
investment can be recovered in X years. 

; (ii) Build a premium into the discount rate: 

i + p - i' where p is the premium and i is the normal 
discount rate. 

(iii) Downward revision of expected future benefits and upward 
revision of expected future costs (Inputs). 

(iv) Subjective probability - estimate: 

upper limit 

most likely 

lower limit 

" The instructor may wish to have a concrete example in mind to illustrate 
the difference between risk and uncertainty and how to deal with each. 

4.4 Costs and Quality of Information 

(a) Good information is expensive to obtain, and there is a trade- 
off between getting better information to perform better analysis 
and the costs of obtaining the better information. 

(b) Kinds of information 

(i) Continuous scale 

(ii) Interval scale 
(iii ) Ordinal scale 

(iv) Qualitative 

(c) Units of measurement 

(i) Performance measurements (quantity of output) 
(ii) Target quantities (e.g.^ expressed as % change) 

4.5 Ask the participants if they have any other questions on the general 
practical aspects of cost-benefit and cost-effectiveness analysis. 

4.6 Stress the limitations of a two-day workshop for learning the practical 
aspects. Important, though, that the participants become sensitive 

to the more likely problem areas and issues which have been the 
most troublesome or most dubious elements/assumptions in cost- 
benefit and cost-effectiveness analysis, and hence will not be likely 
to be "sold a bill of goods** or "taken to the cleaners** when pre- 
sented with an analyst*s work. 



ERIC 



Vl.S.xxiv 



27 



Cost-Benefit and Cost- 
Effectiveness Analysis 



5,D Exercise 3: Group Problem Design and Analysis {page VI, 5. 39) 

5.1 The participants should now be ready to undertake a prototype evalua- 
tion analysis themselves. This exercise should provide the opportunity 
to structure the design of an evaluation analysis to conform to a con- 
crete or hypothetical problem of the participants choice. It will 
also provide an opportunity for the participants to follow through 

the analysis with actual data when they return to their agencies, 

5.2 Ask the participants to form groups of three (two is acceotable but 
probably not as effective in terms of group self-learning) according 
to the individual functional area interests. If there is a notable 
difference in experience/ability among the participants, attempt to 
arrange the membership of the groups as equitably as possible. 

5.3 Assuming that the instructor had already asked the participants to 
think about the definition of the problem, the participants will 
be ready to articulate the goals and objectives to be achieved in 
solving the problem. Direct the participants to Worksheet A and 
to articulate the above and then design a set of alternative 
programs/courses of action to achieve the goals/objectives. As a 
consultant to the groups, stress the importance of articulating 
operati onal goals/objectives and specif ic » well-defined set of 
alternatives. 

5.4 Participants now go to Worksheets B and C where they must identify 
all relevant costs and benefits. These Items must all_ be measur- 
able in some way. {If cost-effectiveness rather than cost-benefit 
analysis is chosen, measure of effectiveness (oerformance) are sub- 
stituted for benefit items. This portion of the analysis will 
take a significant amount of time, and likely will consume the 
remaining time in the workshop.) Worksheet D should still be 
distributed however for the participant's future use. 

5.5 Ask the participants a final time for general questions on the 
framework of the cost-benefit/ cost-effectiveness analysis. If 
desired, leave your address so that the participants may be able 
to consult with you on their final group project or for additional 
references . 

6,0 Workshop Evaluation 

If a participant evaluation of the workshop Is desired or required, 
ask the participants to do this now and either complete before 
leaving (preferred) or mail the completed evaluation to you. A 
questionnaire already designed by the instructor with sufficient 
copies to distribute may be preferred to a free-format evaluation. 
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COST-BENEFIT AND COST-EFFECTIVENESS ANALYSIS: AN OVERVIEW 



As the need to develop more precise ways to evaluate the efficacy 
of a public project* or to choose among alternative projects to meet 
some designated objective arose it became important to be able to 
systematize the estimation of the relevant costs and benefits that 
would be derived from the given project. This is what cost-benefit 
and cost-effectiveness analysis attempt to do. They can be useful 
techniques of project evaluation but can also be easily misused— 
either by people who do not fully understand the underlying assump- 
tions of the techniques* or by people who conveniently ignore or 
misrepresent key elements in the analytic process in order to "sci- 
entifically" justify their own particular preferences when these 
preferences would not be justified on efficiency or effectiveness 
grounds. It is thus important for the practitioner to understand 
each of the essential elements in the cost-benefit and cost- effective- 
ness analytic process and to be aware of the limitations and short- 
comings of these analytic techniques. 



Brief History of the Use of Cost-Benefit Analysis 

Cost-benefit analysis is not a "new" technique born of modern 
computer technology and systems-thinking. In a rudimentary sense 
cost-benefit thinking was manifest when homo-sapiens first decided 
to compare the positive and negative aspects of a decision. In the 
Bible we can point to Noah's use of cost-benefit analysis when 
deliberating on what animals and materials to bri*^ in the ark know- 
ing that the ark had a limited amount of space ar at everything 
left off would be killed or destroyed in the flooa 

As a modern* systematic way of comparing benefits and costs, 
though* cost-benefit analysis is generally acknowledged to have 
started with the River and Harbor Act of 1902 where it was established 
that the improvement of a project had to be weighted against the 
ultimate cost,! in the early 1930's the Roosevelt Administration 
wanted to extend the New Deal to develop the nation^s natural re- 
sources for dealing with some of the problems associated with the 
economic depression. In this regard an estimation of the social 
costs and benefits of development projects were included as well as 
the privat e (indivudual) costs and benefits* making it possible that 
projects wfth substantial Intangible social benefits would not be 
evaluated disadvantageously.2 

In 1936* cost-benefit analysis became even more institutionalized 
through federal legislation. The Flood-Control Act of 1936 established 
that the Federal government should improve navigable waters for flood- 
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control purposes "if the benefits to whomever they may accrue are 
in excess of the estimated costs • • ."^ This was an important 
guideline because it extended the scope of the analysis to include 
those who indirectly benefited from a project or who indirectly 
suffered costs. From this time on* governmental use of cost-benefit 
analysis tended to place more emphasis on the Indirect and intangible 
benefits and costs and social scientists began to devote more atten- 
tion to developing better techniques for measuring these factors,* 

In 1950 the Subcomittee on Costs and Benefits of the Federal 
Inter-Agency River Basin Committee developed a primer to show how 
cost-benefit analysis could be used in evaluating water- re source 
projects. This publication outlined the acceptable principles and 
procedures for determining benefits and costs for the projects and 
represents the last stage in the institutionalization of cost- 
benefit analysis into the Federal bureaucracy. 5 



Definition of Cost^Benefit Analysis 

What* then, precisely is cost-benefit analysis? According to 
A, R, Prest and R, Turvey it is a practical way of assessing the 
desirability of projects, where it is important to take a long view 
(in the sense of looking at the farther future as well as the nearer 
future) and wide view (in the sense of taking into account side- 
effects of various kinds on various persons* industries* regions, 
etc.); i.e,, it implies the enumerating and evaluation of all relevant 
costs and benefits. "6 

Basically, then, cost-benefit analysis is the process of calculat 
ing the ratio between all the relevant benefits Project and all the 
relevant costs of each alternative for the purpose of determining 
which alternative would yield the highest return (benefits) on the 
total investment (costs). 

Thus one can look at cost-benefit analysis as a process composed 
of several discrete steps. According to the Report to the Federal 
Inter-Agency River Basin Committee, 7 these steps are: (1) the 
establishment of need; this may be obvious to some, but an articula- 
tion of the nature of demand for the desired benefits of the project 
should be identified and then carried through the entire analysis. 
This step can also be interpreted as the setting of goals and/or 
objectives; (2) the estimation of each of the project's relevant 
benefits and costs in standardized units so that they can be meaning- 
fully compared for alternative projects; (3) establishment of the 
scope of project development— the scale of the project should be 
determined as different allowable scales will* in general, yield 
different decisions as to which alternative is most preferred; (4) 
development of the most economical means of realizing project purposes 
all the elements of the project as well as the project as a whole 
should be the most efficient means of accomplsihing the given ob- 
jective(s), 
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To compare several projects one should compare the ratio of 
benefits to costs for each of the projects. If all of the relevant 
costs and benefits have been accounted for and properly discounted , 8 
then this benefit-cost ratio would be a reasonable criterion on which 
to decide the relative priority of eacF of the several projects. 



Goals and Objectives 

Step (1) above mentions the need for establishing goals in the 
process of cost-benefit analysis and the importance of keeping these 
firmly in mind throughout the analysis. 

Objectives are sanetlmes used interchangeably with goals but 
it is preferable for objectives to mean the operational articulation 
of goals. That is, objectives are the measurable and quantifiable 
statements of the verbalized goals. When there are several objectives 
to be achieved In a project (and there usually are) then these dif- 
ferent objectives should be ranked and weighted in such a way that 
they reflect the priority of each goal In comparison to the others. ^ 
This Is particularly important If among the several goals there are 
conflicting ones. 



Advantages and Limitations of Cost-Benefit Analysis 

The principal advantage of cost-benefit analysis is that it 
provides a better understanding of the Implications of onbarking 
upon alternative courses of action by forcing the analyst to examine 
the structure of the costs, constraints, and benefits of each 
alternative. If one attempts to go beyond this in the analytic 
process. I.e., to let the result of the analysis make the decision 
for the decision-maker, then there may be some serious problems. 
Although cost-benefit analysis Is a scientific approach to evaluating 
alternatives. It Is not an exact scientific tool nor Is It value- 
free. It must be remembered that In the design and Implementation of 
the analysis, human judgement Is relied upon, and moreover, there may 
be other criteria besides efficiency and effectiveness (such as 
equity) that should be considered before a final decision Is made. 

Inherent within cost-benefit analysis, however, there are 
limitations. As In any social Inquiry, there Is a limit to the 
nunibtr of factors that can be Included In the analysis and thus we 
never actually Include all of the relevant benefits and costs for 
methodological reasons.~T1breover, since only measurable benefits 
and costs can be Included In the analysis (In cost-benefit analysis, 
£er se, all must be converted to dollars; cost-effectiveness analysis 
r^axes this requirement), the analyst Invariably must exclude 
certain Intangible effects such as aesthetics, psychological factors, 
etc. 10 Related to this Is the difficulty of estimating future bene- 
fits and costs; there will always be a certain measure of error In 
trying to predict the future. The use of discounting adjusts the 
estimates of future benefits and costs to present-day values but 
, the estimates must still be made before-hand, and they can. In hind- 
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sights be bad estimates . The benefit-cost ratio can» under these 
circumstances not serve as a reasonable guide to decision-making. 



Cost-Effectiveness Analysis 

Cost-effectiveness is very similar to cost-benefit analysis 
and many times no distinction is made; the former is subsumed 
under the umbrella of the latter. There are some differences^ how- 
ever, Edward S. Quade defines cost-effectiveness as *'a comparison 
of alternate courses of action in terms of their costs and their 
effectiveness in attaining some specific objective. "11 

Instead of proceeding to find the most efficient way to expend 
a certain level of resources in trying to maximize a set of 
objectives (as cost-benefit does), cost-effectiveness attempts to 
find the least-cost method for achieving an acceptable level of 
performance or results. Thus more emphasis is placed upon the 
articulation of goals and objectives in cost-effectiveness analysis. 
There are two principal tasks involved here. The first is the 
identification of the total costs of each alternative if each of 
the alternatives were to meet some specified level of performance. 
The second is the articulation of indicators of effectiveness. In 
constructing indicators of effectiveness » the analyst "lays out*' all 
of the dimensions of the desired performance and sets minimal levels 
of acceptability. An alternative is "effective" then if it meets 
the minimum level of performance; it is cost-effective" if it 
meets the minimum level of performance at the least cost of all the 
alternatives available. 

Two of the major advantages of cost-effectiveness over cost- 
benefit analysis are that (1) the goals and objectives must be ex- 
plicitly articulated and that (2) all degrees of quality of informa- 
tion on "benefits" are allowable in the analysis. Thus the analyst 
does not have to compress all "benefits" into a single number ex- 
pressed in dollars^ but effectiveness is considered in terms of a 
number of dimensions and non-cardinal measures can be used in these 
dimensions . 



Externalities and Spillover Effects 

An important concept to consider when enumerating the various 
relevant costs and benefits of alternative projects is that of 
externality . An externality, according to Paul Samuelson is "an 
effect to one or more persons that emanates from the action of a 
different person or firm, "14 That is, a cost or benefit is incurred by 
a 3rd party as a result of a transaction between two other parties, 
and the 3rd party is not directly involved in the transaction. A 
classic example of a positive externality is the lighthouse, A 
person builds a lighthouse to protect his boat but at the same time 
the lighthouse's light protects everyone else's boats in the vicinity, 
while they do not share in the cost of providing the protection 
(building and maintaining the lighthouse and consuming the electricity). 
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A negative externality occurs when the 3rd party incurs a cost 
rather than ^ benefit. When a firm decides to discharge Its wastes 
into a stream, it is imposing a real cost on the people and firms 
that are located downstream and use the water. This cost can be 
seen in that recreational activities downstream may have to be 
curtailed; flshermen^s livelihoods are threatened; municipalities 
taking water from the stream may have to send it through a more ex- 
pensive purification system before the water is suitable for drinking, 
etc. 

Spillover effects are actually externalities but usually refer 
to the specific geographical, or spatial effects of externalities. 
Slum housing, because of proximity, will have a deleterious effect 
of the value of well-maintained housing on the same block or in the 
same general neighborhood. These external effects are not transmitted 
through the market so it is usually methodologically difficult to 
account for these In the identification and calculation of all relevant 
costs and benefits. Nevertheless, externalities often can be con- 
siderable, and omission of them will lead to drastic errors in 
decision -making. 

Related to the problem of externalities is that of considering 
project overlap. If there is a package of projects to be considered, 
in addition to analyzing the costs and benefits of each individual 
project alternative, one must consider the additional costs and/or 
benefits that would occur due to project interaction . Projects that 
complement and benefit one another have positive spillover effects. 
Those that conflict (act in opposition to each other) have negative 
spillover effects. These effects should definitely be considered 
in the benefit-^cost calculus when a combination of projects are under 
consideration. 



Threshold Analysis 

Threshold analysis was developed by B. Malisz In Poland after 
observing the failure of more conventional physical planning evalua- 
tion systems. It deals with the problem of physical limitations to 
development such as topography, in-place land uses, and the current 
available technology. These limitations are called thresholds. 
This Is not to say that these thresholds can not be overcome, but 
there are relatively very large costs Involved In crossing the 
threshold, and thus there will tend to be less development In the 
threshold area. 

Development thresholds have a marked effect upon urban development 
patterns and so can be important for the planner to consider when 
laying out a plan for future physical development. Threshold analysis 
then attempts to Identify and define these thresholds and to evaluate 
the costs of overcoming them. If the costs imposed by the threshold 
can be estimated, then these costs can be included in the benefit- 
cost ratio while the feasible region of alternatives will have been 
greatly enlarged. 
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Cost-Benefit and Cost-Effectiveness Analysis and Other Urban Management 
Techniques 

Used in conjunction with other techniques, cost-benefit and 
cost-effectiveness analysis can be a valuable tool for the planning 
and programing of public projects. 

Planning-Programing-Budgeting^* links cost-benefit analysis 
and hierarchial goal formulation. In PPB, objectives that are to be 
met are defined and then programs, sub-programs and elements are 
designed and delineated. Then each of these can be evaluated using 
cost-benefit and/or cost-effectiveness analysis to determine if the 
objectives are being efficiently/effectively mt. This information 
on program performance is then fed back and the original objectives 
and/or program design can be reviewed, and different priorities can 
be set. 

Performance auditing can provide estimates as to whether a 
program is achieving the objectives for which it was instituted. 
It can tell us if the inflows and outflows of a project are equivalent 
to those that were predicted by cost-benefit analysis. It is 
important to do this because a project on paper is often not the 
project which actually gets implemented. Additional construction 
costs, time delays, mismanagement of the project, or simply mis- 
understandings can serve to increase the costs of a project significant- 
ly- 

While cost-benefit and cost-effectiveness analysis attempt to 
estimate the future costs and benefits for the useful life of the 
project, unanticipated changes in population distribution, income, 
exogenous economic forces, government policy, tastes, and technology 
will upset these estimations and result in erroneous benefit-cost 
ratios. Long-range forecasting techniques, used in conjunction with 
cost-benefit and cost-effectiveness analysis, can reduce the errors 
in the perdiction of the future. 

Finally, management-by-objectives (MBO) is designed to better 
identify and evaluate the objectives of an organization and to pro- 
vide more employee participation in goal formulation. This, when 
combined with the evaluation of costs and benefits, should provide 
for a more efficient organizational framework. The people that 
implement the project will better know what problems are most likely 
to ensue and can thus provide better information to analysts so that 
recalculations of costs can be done mst accurately. Also, mistakes 
and misunderstandings of organizational objectives and thus the best 
means for accomplishing these objectives would be diminished. 



Conclusions 

Cost-benefit and cost-effectiveness analyses, especially when 

used with other techniques, can be useful tools in project evaluation 

and of which planners and administrators should be knowledgeable. 
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ANALYSIS OF DECISION TO ATTEND* 



The following brief questionnaire is designed to help you describe 
the problem solving process you went through in deciding to attend this 
program. It is intended to increase your awareness of the learning 
questions that influence your decision to attend as well as to provide 
a starting point for sharing with staff and participants the kinds of 
needs and concerns you and others bring to workshop. The design for 
sharing your answers to the questionnaire during the first meeting is 
such that your responses can remain anonymous unless you choose to 
identify yourself in some way as you answer the questions. 

1) Describe in ^ few sentences or phrases the problems or felt needs 
that brought you to this program. What questions are you seeking 
to answer? 



Which of the following three phrases best characterizes how you feel 
about these needs right now? 

My needs are critical and specific. I need to come away from this 
program with specific action plans to satisfy them. 



My needs are less pressing and more general. I am here to discover 
and explore. 



Some of both of the above. 



2) What made you decide to come to this 
heard about it? What features of it 
answer briefly in a few sentences or 



specific program? What have you 
most attracted you? Again, 
phrases . 



♦Adapted from David A. Kolb, Building A Learning Community , NTDS 
Training Pamphlet #6. 
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Which of the following staternents best characterizes your decision to 
attend this program? 

I freely"chose to come tnyself with no external prossure to attend 
this program. 

I was basically sent here by forces or events outside of ir(y control 
Some of both of tUe above* 

3) What are your expectations about the workshop? 

The best thing that could happen for me in the workshop is: 



The worst thing that could happen to me is: 



4) What are the resources and set of experiences which you bring to thi 
workshop which the group as a whole may benefit from? 
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Exercise 1 
THE USE OF PRESENT-VALUE TECHNIQUES IN 
COST-BENEFIT AND COST-EFFECTIVENESS ANALYSIS 



Present-value technique is appropriate to any evaluation procedure 
when a stream of benefits and/or costs is distributed over time. Thus 
not only is the technique applicable to evaluating alternative capital 
expenditure projects but also to program proposals when program bene- 
fits can be expressed in terms of dollars. 

We use the present-value technique to compare dollar values of 
benefits and costs when they occur at different points in time. Since 
we value objects in use now more than their future use, a dollar in use 
now is worth more than a dollar in use a year from now. For example, 
if we had a choice between having $100 now or $100 a year from now, 
most of us would select the former, if the choice were between $100 
now and $110 one year from now, we may have a more difficult decision. 
If we were indifferent between these, then we would have an individual 
discount rate of 10%. But at any rate, to be unbiased in our evaluation 
procedure* it is desirable to express all dollar values as standard at 
one point in time. Somewhat arbitrarily, we generally choose to standard- 
ize all dollar values in the present-time, and thus we employ present- 
value techniques to translate all future dollar values into present 
dollar values. 

The obverse of this discussion is the existence of an investment 
opportunity rate. This rate expresses the going highest return on 
public or private investments; any investment which yields a rate of 
opportunity costs - returns foregone. This rate is operationally difficult 
to measure. We instead use the minimum cost of capital facing the organiza- 
tion. Thus the organization would not rationally choose an investment which 
did not promise a rate of return at least as high as the cost of obtaining 
capital. Otherwise the capital could earn a higher rate of return 
r^naining in the bank or some other guaranteed investment program 
(municipal bonds* etc.). It is then* at least operationally, the 
minimum cost of capital which is used as the discount rate for employing 
present-value techniques. The following example illustrates the procedure 
and uses of the present-value technique In project evaluation. 



Example 

Consider two alternate proposals to provide emergency health care 
facilities in a large metropolitan area. 

Proposal I involves building a new centrally-located facility in a 
low-income area; the capital investment (front-end) costs have been 
estimated to be $15.0 million with annual operating costs » $1.0 million 
over an assumed 30 year life. 

Proposal II involves using existing physical structures in three different 
locations. The capital investment here would be only $5.0 million in 
primarily renovation but the annual operating costs would be $2.0 million 
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for all three facilities. Assuming all other factors (including 
economic benefits) are equal» which proposal should be chosen on 
efficiency grounds if the discount rate were 6% and if the discount 
rate were 1256? 



Analysis 

a* at 6% discount rate 

(i) Present value lifetime cost of Proposal I 

- $15.0 million + present value of stream of costs equal to 
$1.0 million/year over 30 years. 

(ii) Present value lifetime cost of Proposal II 

=^ $5.0 million + present value of stream of costs equal to 
$2.0 million/year over 30 years. 



(i) Present value - $15.0 million + (p*v. factor x $1.0 million) 

= $15.0 million + (13.77 x.$l.O million) 
= $15.0 million + $13.77 million 
= $28.77 million 

(ii) Present value ^ $5.0 million + (p. v. factor x $2.0 million) 

= $5.0 million + (13.77 x $2.0 million) 

$5.0 million + $27.54 million 
= $32.54 million 



b. at 12% discount rate 

(i) Present value lifetime cost of Proposal I 

- $15.0 million + (p*v. factor x $L0 million) 

- $15.0 million + (8.06 x $1.0 million) 
= $15.0 million + 8.06 million 

- $23.06 million 

(ii) Present value lifetime cost of Proposal II 

- $5.0 million + (p. v. factor + $2.0 million) 
= $5.0 million + {8.06 x $2.0 million) 

= $5.0 million + $16.12 million 

- $21.12 million 



The analysis shows that the choice of the most efficient proposal 
is a function of the discount rate used. With a discount rate of 6S£, 
Proposal I is the most cost-efficient alternative. An analysis using 
the 12% discount rate, however, yields Proposal II as the best choice 
on efficiency grounds. 

Questions 

a. Explain wh^ the discount rate affects the two alternative 
Q proposals differentially. 
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Which alternative would you choose if the discount rate 
were 8% but the useful lifetime were only 20 years? 
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S.747 
4.34> 
4.710 

7.1)7 

7.904 

•.SS9 

t4SI 
9.133 
9.)n 
9401 
941* 

10017 
UUOl 
ia)7| 

iasi9 

ia47S 

ia*io 

10.9)1 
tljOSl 
ILlSt 
lL3St 

1L93S 

lt3)4 



10% 



a909 
L7)4 
3.4 »7 
).t70 
S.79I 

4.)SS 
4.I6S 
1))5 
S.7S9 
4.14S 

4. 49) 
4414 
7.10) 
7.147 
7404 

7414 
IJS3 
tlOl 
i.)4S 
1514 

1.449 

tm 

i.**) 

t.9«S 
9.077 

9.141 
9.1)7 
9.107 
9.)70 
9.417 

9.779 

9.91 S 



049) 
1.490 
1401 
1.0)7 
).40S 

4.111 
4.544 
4.948 
S.)l* 
S-«50 

5.9)7 
4.194 
4.414 
4.61* 
4.111 

4.974 
7.110 
7.1S0 
7J46 
7.449 

7.542 
7j64S 
7.71* 
7.7*4 
7.*4) 

7.C96 
7.94) 
7.9*4 
*.03l 

loss 

IL244 
U0« 



14% 



aS77 
1.647 
2.U2 
1.914 
).4)S 

).gf9 
44C( 

4.4)9 
4.944 
S.1I4 

S.4f) 
i.440 
S.t4l 
4.001 
4.141 

4.165 

4.)n 

4.447 
4. ISO 
4.61) 

4.6*7 
4.74) 

4.m 

4.SU 
4.*7) 

4.904 
4.9)1 
4.941 
4.9*5 
7.005 

7.105 

7.1)) 



a*To 

l.£14 
2.2«) 
l.tSS 
S.)S2 

).7*4 
4.140 
4.4*7 
4.771 

1.1)4 
S.411 
S.S*) 
S.714 
S.»47 

S.954 
4.017 
4.IJ* 
419* 

4.1S9 

4.111 
4.)59 

4.m 

4.414 
4.464 

4.491 
4.S14 
4.1)4 
4. SSI 
4.566 

4642 

4461 



14% 1G% 



0.861 \ 0M7 



1.60S 
2J46 
l.fW 
).174 

)^S 
4in9 
4.)44 
4.607 

4. *)) 

i.197 

5. )42 
S.46S 
5.S7S 

S.669 
S.749 
S41* 
S.*77 
S.919 

S.97) 
6.011 
&XH4 
6.07) 
6j097 

6.11* 
6.134 
6.1S1 
6.144 
4.177 

4m 

4.146 



1.566 
1.174 
24^ 
S.I17 

).49fl 
5411 
4.07* 

4. )0) 
4.494 

4.6S6 
4.7'^) 
4.910 
S.008 
S.OW 

S.161 
S.121 
5J7) 

5. )I4 
S.)S) 

S.)t4 
S.4I0 
S.4)l 
S.4St 
S.467 

S.4*0 
S.491 
S.502 
S.SIO 
S.S17 

S.54* 

S4S4 



W% 



as]) 

1.S1* 
2.106 
1.S89 
1.991 

).)I4 
)40S 
)417 
4.091 
4.191 

4)17 
4.4)9 
4.S11 
4.411 
4.47S 

4.7)0 
4.77S 
4.*11 
4.144 
4.170 

4491 
4.909 
4.91S 
4.9)7 
4.94* 

4.956 
4.944 
4.970 
4.97S 
4979 

4.997 

4999 



0. *10 
1.497 

1. CH1 
2 AH 
1*64 

1.147 
).4|4 
).419 

).7«« 
).911 

4.0)5 
4.117 
4.») 
4.I4S 
4.)IS 

4.)S7 
4.191 
4.419 
4.441 
4.440 

4.474 
4.4U 
4.499 
4^07 
4.S14 

4.S20 
4.S14 
4.S1* 
4i)l 
4514 

4544 
4H5 



»% 



a804 
1.4S7 
1.9*1 
1.404 
t74S 

yjm 

).141 
).47l 
).56« 
)4«1 

).774 
).*S1 
).9I1 
).9«1 
4^1 

4.0) ) 
4059 
AJOtO 
4097 
4110 

4111 
4130 

4.1) 7 
4.14) 
4147 

4IS1 
4.1S4 
41)7 
4159 
4140 

4144 

4.t<7 



2S% 



0. sao 

1.440 
1.9)1 

1. )41 
74*9 

t9Sl 
).141 
5.139 
).44) 
).S71 

1.4)4 
1.71S 
57*0 
)414 
).«S9 

1.1*7 
S.9I0 
1.91* 
5.941 
).9i4 

5.94) 
)^70 
).974 
).9«1 
).9*5 

).9tS 
).990 
).991 
S.994 
).99S 

5.999 

4000 



2e% 



0. 794 
1.414 
t.9l) 
2.120 
143S 

13^1 
).0«) 
5.141 
).)44 
S.445 

).)44 

).6a6 
).4S4 

tw 

).716 

).7St 
).77t 
).7«4 
).799 

1. >0* 

).ai4 
].*ii 

S417 
)4U 
).*)4 

).*)7 
).*f9 
).*40 
).*41 
5441 

5446 



14% 



a78l 
1.)91 

1.141 

l.i)l 

1.759 
1.9)7 
S.074 
).1*4 
S.169 

).))) 
).)«7 
S.417 
).459 
).4B1 

)*S0) 
)J1* 
J.519 
)J)9 
).546 

)JSI 
)J56 
).SS9 
1.562 

).S4A 
1^67 
).54S 

).S49 
5.569 

5.571 
L571 



0. 769 

1. )61 
1416 
1.166 
t4l4 

t64) 
1401 
t91S 
).019 

Lon 

).147 
).190 
).ll) 
).149 
).168 

).l*) 
).19S 
S.10I 
).)|1 
)J14 

).)10 
).)11 
5.)1S 
J.)17 
1.519 

SJ50 
].))1 
).))1 
S.))l 
).))1 

U55 

).5]1 



0. 741 
l.l«9 
14^ 
1.997 
2.170 

1. )*S 
1.50i 
tS9t 
144S 
1.71 S 

2.7)7 
1.779 
2.799 
tSl4 

1. «1S 

14)4 

2. M0 
1444 
144* 
14S0 

1.IS2 
1.IS1 
14S4 
1*55 

l.*56 

t*S4 
l.flS4 
l.*S7 
:.*S7 
tflS7 

14S7 
til7 



40% 



4S% 



a7i4 

1.114 

rfs9 

tO)S 

1.16* 
1.14) 
l.))l 
l.)79 
1.414 

1.4)4 
I4S4 
t46fl 
1.477 
t4*i 

t439 
1.491 
t494 
1.494 
t497 

t49t 
t49« 
1.499 
1.499 
t499 

tsoo 

1.500 
7.500 
IJOO 
1.S00 

tsoo 

1.50O 



a690 
1.14S 
1.491 
t.770 
1474 

t.9S) 
1.0S7 
2.101 
1.144 
1.16* 

1.1SS 
1.194 
1.104 
1410 
tll4 

1.116 
1.11* 
U19 
1.110 
1411 

till 
1.117 
till 
Llll 
IJll 

1.111 
1.121 
2.111 
till 
tTll 

1111 

till 



Source: From tables computed by Jerome Bracken and Charles J. Christenson. 
Copyright©1961 by the President and Fellows of Harvard College. 
Used by permission* 
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Exercise 2 
CRITERION FOR EVALUATION: 
Excess Benefit or Benefit-Cost Ratio? 

The Rhoidville Public Library Association is in a quandry. It has a 
choice between building a new wing on its existing centrally-located facility 
(Proposal A) or purchasing a book mobile (Proposal B). An economic analyst in 
the Rhoidville Planning Department was asked to prepare an estimate of the 
benefits and costs of each proposal so that the head librarian could make a 
recommendation to the Board of Directors at the next monthly meeting- 

The analyst identified and estimated all of the relevant costs and bene- 
fits over the life of each project, respectively, and appropriately discounted 
these using a discount rate provided by the Finance Director's office- The 
discounted costs and benefits were as follows (as presented to the head 
librarian): 





Discounted 
Costs ($) 


Discounted 
Benefits ($) 


Proposal A 


100,000 


150,000 


Proposal B 


20,000 


50,000 



Now the head librarian^ while not versed in the art of cost-benefit 
analysis, had a great deal of native intelligence. He reasoned that since the 
difference of benefits and costs for Proposal A ^ $50,000 and the difference 
between benefits and costs for Proposal B = $30^000, that Proposal A was 
the best choice. 

Well, one of the members of the Board of Directors, having had some 
economics in college, remembered that decisions should be made on the 
"margin", and this meant calculating the benefit-cost ratio. The scoreboard 
at that point looked like the following; 





Discounted 
Costs 


Discounted 
Benefits 


B - C 


B/C 


B-C 
C 


Proposal A 


100,000 


150,000 


50,000 


1.5 


0.5 


Proposal B 


20,000 


50,000 


30,000 


2.5 


1.5 



There was a deadlock at the meeting: other than these two individuals, 
no one else could decide which proposal was preferred because no one could 
decide which criterion to use* 

What criterion would you use? Can you think of any guidelines for 
deciding which criterion should be applied In ^ given situation? 
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Cost-Benefit and Cost- 
Effectiveness Analysis 



CASE STUDY I 
Simple Cost'Benefit Analysis 



Mr. Homer R. B. Rhoid, chief transportation planner for the city of 
Morganville, has contracted an engineering firm to prepare a design for 
the relocation of a length of a state-highway bypass. The existing link 
would be abandoned if a new, alternative route could be shown to be more 
economical than the present one; if it could allow more vehicles to use the 
link with less traffic congestion. 

At the present time traffic on the existing link averages 1,500 
vehicles/day (v.p.d.)* Projections based upon the expected growth of 
Morganville within the next twenty years indicate that there would 
be a demand of 2,000 v.p.d. on the present link in 1996. The tentatively 
planned relocation of the link would result in an estimated generation of 
2,500 v.p.d. The extra 500 v.p.d. would be a result of induced land 
development due to the presence of the new link. The traffic in both 
cases would be composed mostly of passenger cars with only a small 
{5-10i6) fraction composed of trucks. 




CITY OF MORGANVILLE 
Figure 1 



The proposed alternative link would have a pavement width of 20 feet 
(compared with 18 feet on the existing link). This factor, together 
with improved alighment and grades, permits distinction between free and 
normal operations. 

The results of the engineers' study is shown in the following table. 
The table has attempted to identify the salient variables and to estimate 
the values of these variables so that a rational decision could be made 
by Rhoid as to whether to recommend building a new link. 



TABLE 1.1 



ERiC 





Variable 


Existing Link 


Proposed Link 


I. 


Future volume (v.p.d.) 


2,000 


2,500 


2. 


30 Highest hourly volume (v.p.d.) 


375 


450 


3. 


Service volume* level D (v.p.d.) 


450 


715 


4. 


Ratio {2./3.) 


0.83 


0.63 


5. 


Type of operation 


Normal 


Free 


6. 


Design Speed (m.p.h. ) 


50 


60 


7. 


Running Speed 


35 


42 




VI. 5.15 


45 





Policy/Program Analysis 
and Evaluation Techniques 



TABLE 1.1 (continued) 
Variable 



Existing Link Proposed Link 



8. 


No. lanes 


2 


2 


9. 


LenQth (miles) 


2.5 


1.5 


10. 


Grade class {%) 


0-5 


0-3 


11. 


Surface and condition 


Paved-good 

505»-4*' 


Paved-good 


12 




NeQliQible 


13 


Unit cost ft/vphirip ih^Ip^ 






14. 


Estimated pavement life (yrs). 




20. 


15. 


Estimated rights of way life (yrs.) 




60. 


16. 


Estimated life, other (yrs.) 




40. 


17. 


Pavement cost ($) 




66,000 


18. 


R.O.W. cost ($) 




33,000 


19. 


Other cost ($) 




451 .000 


20. 


Annual pavement cost ($) 




5.290 


21. 


Annual R.O.W. cost ($) 




1,740 


22. 


Annual other costs ($) 




26.290 


23. 


Total annual capital cost ($) 




33,320 


24. 


Maintenance cost ($/mile) 


1.100 


880 



ERIC 



The curvature on the new facility would be generally flat. The 
existing link, however^ has a relatively large number of curves which 
limits the maximum design speed to about 50 m.p*h* The calculated unit 
cost can be found in Row 13 of Table Based upon the data generated 

by the engineers' study, Rhoid and his staff have decided to conduct a 
cost-benefit analysis of the two alternative plans. Essentially their 
methodology will attempt to measure the relative benefits and costs of 
building the new link as opposed to keeping the existing link* 

The net economic benefits of the proposed new facility over the 
existing one can be described by equation 1: 



B„ - = 1/2(C I 
n 0 ' * 0 0 



V(,)(365) 



(1) 



where 



B - annual vehicle operating and time benefit for the proposed 
roadway. 

B - annual vehicle operating and time benefit for the existing 
roadway. 

C I = total cost of a trip over the existing roadway. 

0 0 

- total cost of a trip over the new roadway. 

n n 

* annual average daily volume estimated for the new roadway. 
' annual average daily volume observed for the existing roadway. 



The total annual highway cost B given by 
C=CRF.„K,fCRF.^K2fCRF.„K3fM 



(2) 



where 



C = total annual highway cost 
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K^, Kg. * capital costs of each item: 

Pavement costs - K-j 

Right-of-way costs - Kg 

Other capital costs = 

CRF^^ = capital recovery factors for a known rate of interest, i, 

and amortization of total cost of each of the above items based 
on its average expected life, N. 
the annual cost for the maintenance of the proposed link, 

the annual cost for the maintenance of the existing link 

The general equation which Rhoid used for calculating the benefit-cost 
ratio was 

AB = ^n ' ^0 . 1/2 (Vo ' yn)('^n '^o) (365) (3) 

AlT C„ - C^ " CRF. K, + CRF. + CRF.„K^ + M„ - 

no in I in 2 in 3 n o 

With the aid of a fact calculator, one of Rhoid's planning technicians 
did the arithmetic for the numerators: 

- = 1/2[(0J024)(2.5) - ( .0901 )(1 ,50)](2500 + 2000)(365^) 

= $99,250, (4) 

The average annual unit maintenance cost on the existing route 
was estimated to be $1100/mile or a total of $2750, The average annual 
unit maintenance cost of the proposed route was estimated to be $880/ 
mile or a total of $1320, 

The total estimated cost of the proposed route (less maintenance 
costs) was calculated to be $550,000 but this had to be disaggregated 
by the individual items (K, , K^) since the life expectancy of each 
of these separate items wai different. The prevailing Ibcal opportunity 
cost of capital was 5%, The appropriate capital recovery factor (CRF ^j) 

was then selected from Table 2 for each of the items, and turn out to be 
0,0802, 0,0528, and 0,0583, respectively. With this information Rhoid, 
himself, calculated the annual capital cost of the proposed alternative 
route to be $33,320. 

The benefit-cost ratio for the proposed alternative was then directly 
found to be 

aB „ 9g>250 = o n /c^ 

tc SsIS^d + 1320 - 2?5o 

Rhoid's analysis indicated that the estimated annual user benefits 
from rerouting the bypass would exceed three times the annualized costs 
of the venture^ and thus recommended to the city manager that the 
venture be undertaken as soon as possible - before further inflation 
would raise the total costs of the project or the interest rates went up. 

In the meantime, however, an ambitious member of Rhoid's staff, 
while working on his own, made a hunch that user demand would not go 
as high as 2500 vehicles per day unless there were uncontrolled develop* 
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Cost-Benefit and Cost- 
Effectiveness Analysis 



ment along the link, which the staff member felt certain would not be 
tolerated. Thus, the staff member reasoned, the link could be re- 
designed from an engineering point of view such that it could be built 
at a lower cost but along the same route as the engineering consultants 
had advocated. 

The staff member proposed an alternative design which allowed a 
volume of 2300 v.p.d. and whose unit cost amounted to 10.18*/vehicle- 
mile, but whose capital costs were $70,000, $5000. and $451,000 for 
pavement costs, right-of-way costs and other costs, respectively. 

Performing the calculations to compute the benefit-cost ratio 
of the staff member's brainchild: 

1 . Benef i ts 

B_ - 8„ = 1/2[(0.1024)(2.5) - (0.1018)(1 .5)3(2300 + 2000)(365) 
" ° = $81,065 

2. Annualized Capital Costs 

C„ = 0.0802 (70,000) + 0.0528(5,000) + 0.0583(300,000) 
" = 23,360 

3. 8enefit-Cost Ratio 

A8 _ 81 ,065 - -1 7n 

IC " 23,360 + 1320 - 2750 " 

The benefit-cost ratio, lo and behold was higher than that for 
the consultants' design. 

Rhoid, for his part was suspicious since he had made the decision 
to hire the engineering consultants, plus he was uncomfortable with 
the ambitions of his young, bright, staff member. Rhoid decided that 
he should calculate a benefit-cost ratio which compared his staff 
member's proposal with that of the consultants. Since the consultants 
design costs $20,000 more than the staff-members', Rhoid was Implicitly 
asking If the additional funds needed for the higher priced design 
could be Justified In terms of the additional benefits It would bring 
to the users. 

Rhoid let n, designate the consultants' design, n^ the staff 
member's design. 

Thus: 

8_ - 8_ = 1/2[(0.1018)(1.5) - (.0901)(1. 5)3(2500 + 2300)(365) 
"l 2 = $15,400 

C„ - C„ = 33.320 + 1,320 - 23.360 - 1320 = $9,960 
"l "2 

a8 _ $15,400 _ , 
^ " $9,960 ' 
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Rho1d*s suspicions were justified. The extra expenditure for the 
more costly proposal* on paper* gave a 555fi greater return. Since 
Morganville had the necessary funds to go with the more expensive pro- 
posal, the City Council, acting on Rhold's recomnendatlon. Voted to 
follow the consultant's advice. The ambitious young staff member quit 
his job and started a consulting firm of his own. 



* The above case study was adapted from materials In J* Dickey, senior author. 
Metropolitan Transportation Planning {New York: McGraw Hill Book Corrpany, 1975) 
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SCENARIO 1 
Simple Cost-Benefit Analysis 



Homer Rhoid used a cost-benefit calculus to justify on ecomonic 
efficiency grounds the recommended design made by the engineering consul- 
tants. If the proposed rerouting could have been decomposed as a design 
problem, however, perhaps a different decision, using the same calculus, 
might have been reached. 

Suppose that the 1.5 mile stretch could be seen as two stretches each 
of about half the distance either of which would be built alone and con- 
nected to the already existing road network (by-pass). See Figure 1. 



Figure 1.2 



This would be a desirable view of the design problem. If, for 
Instance, there was a large amount of uncertainty as to the total resources 
available. I.e., there might not be enough appropriation to build the entire 
stretch but enough for a portion of It. Alternatively, the right-of-way 
costs may be concentrated In one section of the proposed rerouting and 
hence It may be economical to use the existing by-pass for that section. 

Let's suppose we had the following information for the existing by-pass 
by each section, and also the estimates of costs and performance of the 
proposed by-pass, also by section . 
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TABLE 1.3 EXISTING 8Y 


-PASS 






Variable 


Section 1 


Section 2 


1. 


Future volume (v.p.d.) 


2000 


2000 


2. 


Length (miles) 


1.4 


1.1 


3. 


Design speed (m.p.h.) 


50 


50 


4. 


Running speed 


37 


34 


5. 


Unit cost ($/vehicle-mile) 


0.1002 


0.1061 


6. 


Service volume, level D (v.p.d.) 


450 


450 


7, 


Maintenance cost ($/mile} 


1100 


1100 




TABLE 1.4 PROPOSED BY 


-PASS 








Section 1 


Section 2 


1. 


Future volume 


2500 


2500 


2, 


Length 


0.90 


0,B0 


3. 


Design speed 


60 


60 


4. 


Running speed 


45 


40 


5, 


Unit cost ($/vehicle-mile) 


0.0877 


0.1040 


6, 


Service volume 


700 


700 


7. 


Estimated pavement life (yrs.) 


20.0 


20.0 


8, 


Estimated R,O.W, life (yrs.) 


60.0 


60.0 


9. 


Estimated life, other (yrs.) 


40.0 


40.0 


10. 


Pavement cost ($} 


35,000 


3B.000 


11. 


P.O,W, cost ($) 


13,000 


24,000 


12. 


Other capital costs ($) 


225,000 . 


230,000 


13. 


Maintenance costs ($/mile) 


B70 


900 



The prevailing interest rate Is 6%, On the basis of economic efficiency, 
would you build both sections of the proposed by-pass, only one (which one?), 
or neither? {Hint: consider the interaction effects between the existing 
and proposed by-pass if only one section of the proposed by-pass is built.) 
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CASE STUDY 2* 
Simple Cost-Effectiveness Analysis 



The Urban Kass Transit Agency in the Department of Transportation, 
Washington, D, C, has been eager to give 100% financial support for demonstration 
projects in new technology, rapid transit systems. DOT has contacted Homer Rhoid, 
Chief Transportation Planner in Morganville to find out if Morganville would be 
interested in having Federal transportation funds for mass transit. There was 
no hesitancy on Rhoid's part so a team from DOT travelled to Morganville to meet 
the famous Rhoid and explore which of four systems would be most suitable as 
the Morganville Rapid Transit Demonstration Project, The four alternatives 
were: (l) the Safeage Monorail; (2) the Electric Railway (Duorail); (3) the 
Westinghouse SRybus; and (4) the Alweg Monorail, The DOT officials put two 
constraints on the choice process: (i) the system had to be finished in 
two years; and (ii) the system needed to have a capacity of 7500 persons per 
hour (pph), Rhoid was told to make a decision within thirty days as to which 
system the city would use, 

Rhoid met with his staff and told them that he wanted an evaluation done 
which would reveal (a) the quality of service which each system could give; 
(b) the likely environmental effects of each alternative system; and (c) the 
estimates of the capital and operating costs of each system. The staff, with 
the valuable assistance of people at DOT, was able to construct Table 2,1 with 
the information as shown. 

The only notable differences on measures of effectiveness among the 
four appeared to be: 

(a) The sRybus had a slightly lower maximum speed and deceleration rate, 

(b) The Safeage monorail^ hanging below the guideway» would require a 
taller structure and also a major structure on the ground level, 

c) Switching would be easiest for the duorail, 

d) The duorail and the sRybus require the least diameter tunnel, 

(e) The Safeage monorail could have the longest elevated beam span but 
also the widest, 

(f) The duorail was found to be somewhat louder than the others, 

Rhoid was in a quandry: no one alternative dominated the others in 
effectiveness measures. The duorail was, however, significantly cheaper to 
build and operate than the other three. 

Thus, in the absence of any "weighting'* scheme, Rhoid selected the duorial 
system and informed DOT officials of his decision. 



* This case study was adapted from materials in J, W, Dickey, senior author. 
Metropolitan Transportation Planning , (New York: McGraw Hill Book Company, 
1975J, 
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Table 2.1 

EFFECTIVENESS AND COST CHARACTERISTICS FOR FOUR POSSIBLE RAPID TRANSIT SYSTEMS FOR M0R6ANVIILE 



Effectiveness Measures 

Could be built in 2 years 

Route Capacity of at least 7500 pph 

Maximum Speed (mph) 

Mean acceleration/deceleration (mph) sec 

Car Capacity (persons) 

Height of guideway above ground (ft) 

Seam Span (ft. ) 

Width of Elevated Span (ft.) 

Use of Ground Level 

Tunnel Diameter (ft.) 

Pitching 

Noise Level (internal) d8 (A) 
Noise Level (external) d8 (A) 
Total Car Requirements for: 

2,000 pph 

4,000 pph 

6,000 pph 
Train Headway (min.) at: 

2,000 pph 

4,000 pph 

6,000 pph 



Cost Measures 

Total Capital Costs ($) 

(At 6,000 design hour capacity) 

Annual Operation & Maintenance Costs 
(At 6,000 design hour capacity) 

Total Annual Costs ($) 



Safeage 




Mono ran 


Duorail 


Yes 


Yes 


Yes 


Yes 


50 


60 


3-3 


3.0 


173 


279 


over 16-5 


16.5 


104 


60 


30.0 


27.5 


Suspended 


On Ground 


17.0 


15.6 


Slow 


Fas*- 


68 


71 


81 


88 




Q 


30 


18 


45 


27 


2.65 


2.84 


2.65 


2.84 


2.65 


2.84 


Safeage 




Monorail 


Duorail 


40,055,000 


30,595,000 



1,020,000 705,000 
3,675,000 2,665,000 



Skybus 


Alweg Monorail 


Yes 


Yes 


Yes 


Yes 


50 


50 


2.5 


2.8 


120 


360 


16.5 


16.4 


60 


65 


19.8 


15.5 


On Ground 


On Ground 


14.0 


18.3 


? 


Slow 


?75 


81 


?85 


80 


22 


14 


44 


28 


66 


42 


2.87 


3.64 


2.87 


2.76 


2.87 


2.44 



Skybus Altfeg Monorail 

33,120,000 33,460,000 

900,000 880,000 

3,065,000 3,045,000 
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SCENARIO 2 
Cost-Effectiveness Analysis 



0.0. officals have just handed down revised standards for new 
technology rapid transit systems. These new standards include: 

- maximum external noise levels of 81 decibels and internal noise 
levels to 75 decibels. 

- elevated span width no greater than 25 feet (greater than this 
amount limits route flexibility and creates a greater disruptive 
effect in the neighborhoods). 

- maximum use of U.S. made components. 

- minimize travel time. 

Homer Phoid must now take another look at his selection of a rapid 
transit system. Please help him determine whether the Ouorail is still 
preferred, or some other system should now be chosen in view of the new 
constraints and minimum levels of effectiveness. 

The following information will help you in your determination: 

(1) The cost of reducing the noise levels for the Ouorail is $400,000 
for the first decibel reduction and grows with each successive 
decibel reduction by a factor of 1.25 from the previous cost. 

For the Skybus and Alweg monorail the initial decibel reduction 
will cost 5200,000 with successive reductions Increasing in cost 
by a factor of 1,25 also. 

(2) A 0-5% bonus or reduction in total capital costs before deductions 
for time savings {next item) will be achieved for each 10% of 
these costs which are American-made products. The percentage of 
American components (by $) are: Safeage Monorail dO%» Ouorail 60%» 
Skybus loose, and Alweg Monorail 20!l£. 

(3) Travel time should be estimated over a distance of one mile between 
stops. The estimated total dollar benefit from a one second time 
saving between stops one mile apart for all transit users combined 
Is estimated to be $500,000 over the life of the Investment. 

(4) Every foot wider than 25 feet of an elevated span will be assessed 
an additional $500,000/ft. to cover the costs of community dis- 
ruption. 
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CASE sum 3* 

The MDrganville - LTIC Program 



In an effort to help communities achieve a balance between its de- 
mand and supply of labor skills and also to reduce the incidence of 
local poverty, a program called Labor Training in the Community 
(LTIC) was concocted by the Feds. Homer Rhoid*s smarter and 
yoxinger sister read somewhere that the Feds were looking for a 
depressed area to try out the new program. Ms. felt that Morgan- 
ville was as good a labor market as any for receiving freebies from 
Washington, so as Director of the Anti-Poverty Program, applied and 
received the contract award for Morganville. 

A choice had to be made, however, between two alternative adminis- 
trations of the program, and both alternatives were to be ''tested" 
in Morganville in an attempt to discover which would be more cost- 
efficient. The two alternatives were: (1) On the Job Training, in 
which individuals were to be first hired by the particular firms and 
then provide the training commensurate with the skills demanded; 
(2) Institutional Training, in which individuals would have their 
skills upgraded, before hiring by employers. In this case the LTIC 
would make a contract with an appropriate public or quasi-public 
educational institution which specialized in vocational training. 

After the first 18 months of administrating both alternative pro- 
grams, a survey was designed to elicit information from employers 
about those trainees who either were given OJT from the firm and 
subsequently worked in a normal capacity at the same firm, or had 
attended the Institutional Training Program and subsequently placed 
with the local firms. 



The Allocative Benefits of Training 

The program evaluators in Washington devised a measure of the 
present-value of the benefits which the alternative administrations 
of the LTIC program conferred upon the community (allocative bene- 
fits) . This measure was: 

^a = -S till 

^ N=A (1 + R)" 

where V = present value of all allocative training benefits 
from the average age of trainees at the end of the 
training period (A) through retirement (65), 
= annual increase in earnings associated with the 
training . 
P = number of survivors at age N. 

R = rate of discount used to convert future earnings to 

their present values 
X = annual increase in earnings levels due to rising 

productivity. 



* This case study was adapted from materials in David 0. Sewell, "The 
.^MITCE Project as Judged by Efficiency and Distributional Investment 
Criteria," in Benefit Cost Analysis 1971 , A. Harberger et. al.eds., 
(Chicago: Aldine-Atherton/ inc. , LV/Z). 
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The evaluators used a social rate of discount ^ 10% since this \^as 
the figure which the Office of Management and Budgeting (0MB) had 
issued as a guideline for federal agencies to use in all discounting 
procedures involving public investment funds* After making several 
adjustments in the formula to allow for data limitations, the 
following figures were obtained for the present value of the alloca- 
tive benefits associated with training by adminis trative program 
and by sex of trainee, and also for the ilTIC program as a whole : * 

Table 3.1 A llocative Benefits Associated with Training 

Category Benefits (dollars) /trainee 

Female, On-the-Job 8,113 

Male, On-the-Job 4,014 

Male , Institutional 4, 395 

All LTIC Trainees 4,623 

The Allocative Costs of Training 

The following classes of costs for the program were identified by 
the evaluators of LTIC (per trainee) for the Morganville experiment: 

(1) The LTIC Contract Costs. LTIC was not directly engaged in 
training its clients. The LTIC personnel in Morganville 
recruited workers for on-the-job and institutional training, 
checked their progress during training, and then attempted 
to find jobs for them when the recruits had completed their 
training. These costs were of a "overhead" nature in rela- 
tion to the training process. While a good portion of this 
work could be viewed as initial costs (which subsequently 
would lower the costs of training in the period after the 
experimental period, the evaluators decided that it would be 
too difficult to separate the items of initial cost from the 
ongoing "overhead trusts". 

(2) Direct Course Costs of Institutional Training. The costs 
covered such items as salaries of instructors, materials 
used in the courses, expenditures to maintain and repair 
equipment, janitorial costs, and capital equipment and costs 

of physical, structural alteration necessary for the particular 
institutions to offer the courses which LTIC requested. 

(3) Direct Course Costs of On-the-Job Training. These costs were 
subsidies to employers so as to provide incentives for the 
firms to take part in the LTIC program. A dollar amount per 
trainee was paid to every employer who hired LTIC clients. 

(4) Indirect Costs of Training. An allowance had to be made for 
administrative costs incurred by several Federal agencies, 
which included the Bureau of Employment Security, Bureau of 
Apprenticeship and Training, both of the Department of Labor, 
and the Office of Educational of DHEW, These costs were 
"averaged'* for each of the categories of trainees. 



if 

Pre\7ious research had indicated that the women \Ao had received institutional 
Q training did not, on the average receive higher earnings, and thus this category 

ERIC considered in the evaluator^s analysis. 
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The various components and the total allocative costs of the 
training program are given in Table 3.2, 

Table 3,2 Allocative Costs/Trainee 



Item 

LTIC Contract Costs 1105,9 
On-the-Job Direct Costs 68,3 
Institutional Direct Course 
Costs 

Indirect Federal Costs 13.2 
Total Allocative Costs/ 

Trainee 1187,4 



Costs/Male 
Insti- 

Costs/Female Costs/Male tutional 
OTJ Trainee OTJ Trainee Trainee 



1105,9 
106,8 



20,7 
1233.4 



1105.9 



546,4 
86,7 

1739,0 



Average 
for all 
Clients 



1320* 



Allocative Benefit-Cost Ratio From Training 

With allocative benefits and allocative costs of the training spon- 
sored by LTIC calculated, it was now possible to calculate the bene 
fit-cost ratio in a rather straightforward way for the various 
categories and for the LTIC program as a whole; 

Table 3,3 Allocative Benefit-Cost Ratios Per LTIC Trainee 



Item 

Present value of alloca- 
tive benefits 

Allocative costs 

Allocative benefit-cost 
ratio 



On-the-Job On-the-Job Institutional Training for 
Training Training Training all LTIC 

for Women for Men for Men Clients 



8113 
1187 

6.8 



4014 
1233 

3.3 



4396 
1739 

2,5 



4623 
1320 

3,5 



Table 3,3 clearly reveals that based upon the experience in Morgan- 
ville, the LTIC program as a whole was an efTi'cieri't Use of society' s 
resources, i.e. the average LTIC trainee contributed more to society's 
output than the cost to society for the training. The benefit-cost 
ratios also revealed that in allocative terms, on-the-job skill in- 
struction represented a more efficient use of society^s resources 
than institutional training- But the reasons for the superiority 
of on-the-job training varied by sex of the client; for women, the 
superiority originated on the benefit side; for men, . the superiority 
originated on the cost side. Finally, the benefit-cost ratios 
showed that on-the-job training for women was twice as efficient as 
0-T-J training for men and 2,7 times as efficient as institutional 
training for men. 

^fK^Jl^^^jif-^^j?? ^Y^^^^^^*^ report, which contained the results 

rtiT« ..J 4-1. - J.- '.on of the methodoloffv uhirh otra 1 tiai-nyo 
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With publication of the evaluation report, which contained the result! 
above along with a discussion of the methodology which the evaluators 
employed, there was a considerable uproar from various groups who 
-objected to the conclusions. Was this surprising? 
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Table 3.4 

POVERTY LINES AND INCREASES IN EARNING LEVELS 
ASSOCIATED WITH TRAINING^ 



Poverty Lines in Average Annual Earnings 
Annual Income Levels 



Training Category 


A 


B 


Without 
Training 


With, 
Training 


Female on-the-job 


3600 


4682 


2202 


3714 


Hale on-the-job 


4426 


6236 


5036 


5804 


Male Institutional 


4426 


6236 


4146 


5004 


All LTIC Trainees^ 


4426 


5754 


3946 


4812 



All dollar amounts have been converted to 1976 prices. 

I 

The poverty line for all LTIC trainees following criterion B was 
derived by assigning a weight of .69 to the poverty line for a 
family of 4 headed by a male and a weight of .31 to the poverty 
line for a family of 3 headed by a female. These weights 
reflect the proportions of males and females in the sample. 



Based upon the information contained in case Study 3. and the 
data provided in Table 3.4, how would you evaluate the distributive 
effects of the LTIC programs? Is there sufficient information for 
you to make an evaluation? If not, what kind of information would 
you need? What additional considerations should these be in the 
evaluation of this analysis? 
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CASE STUDY 4 
Sensitivity Analysis of Cost-Effectiveness 



The public library of Rhoidville has been recently faced with some 
difficult decisions regarding whether to renew their subscriptions to 
journals which were infrequently needed or whether to borrow an issue 
from a larger library and photocopy articles which were requested. 



A staff librarian who had had some university training in manage- 
ment techniques was asked by the head librarian to design a cost-effective 
system for decision-making for all journal subscriptions. 

The first task was performing a cost analysis for each of the two 
alternatives of obtaining journal articles: (a) journal subscription^ 
(b) borrowing and photocopying. 

The staff librarian^ Jack Biblio^ Identified three major cost items 
to be considered in obtaining an article from a journal owned by the 
library: (i) subscription price» (11) journal handling and storage costs» 
and (ill) handling cost for each article reguested. The cost of obtaining 
an article from outside sources included: (1) the cost of a time delay 
to the user who must often wait up to as much as several weeks to see 
the article he (she) needs; and (11) the cost to the library of ordering 
the photocopied article (handling and copying fees). 

Biblio translated the above costs into a simple mathematical formu- 
lation which enabled one to learn how many requests/year for articles in 
a journal justified obtaining a subscription. This formulation follows: 

(1) Purchase price/year handling costs/year ^ handling cost _ cost of 



The equation says that there is a point at which the cost to maintain 
a journal for one year plus the cost of ordering articles from the journal 
on the shelf (borne by the librarians) just equals the cost of ordering an 
article photocopied and sent from an outside source. This point is deter- 
mined by the number of requests for a particular journal in a year. Solv- 
ing the equation for this "critical" number tells Biblio whether he should 
suggest that the library subscribe: if the number of actual requests ex- 
ceeds this "critical" number of requests^ the subscription is justified. 

For instance^ if the 



No. requests/year 



per request 
from shelf 



ordering 
article 
from out 
side 



Purchase price for the journal/year 
Handling cost/year 

Handling cost/r'^quest obtained from shelf 
Average cost ot ordering article from outside 
Critical number of requests 



$20.00 
16.00 
1.00 
5.00 
X 



Then: 



(2) 20.00 ^ 16.00 
X 



+ 1.00 ^ 5.00 



VK5.31 
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and» 

(3) X = ^^5ii^ = 9 

That is> there would need to be at least nine requests for articles 
from a given journal for the library to be justified to have a subscription. 

Biblio> however* did not include the costs of time delay to the user 
if the library had to obtain an article from "outside**. If these costs 
were included, we would then have the following general model: 

(4) + C = D + E 
where : 

A = subscription price of the journal/year 
8 - handling cost/year 

C = handling cost/request obtained from the shelf 

D = average dollar costs of ordering the requested article from outside 
E = time delay costs to user 
X ~ critical number of requests 

and thus: 

(5) V A + 8 

. ^ " D + E - C 

This model could now be used by 8iblio when any of the above costs 
changed (as» in general, each cost element would) for any particular 
journal or could be used for a sensitivity analysis . That is> how sensi- 
tive is the critical number X> to changes in any of the cost parameters. 
This kind of information can be very useful to the library administration 
for planning its future facilities when a particular journal is not being 
considered but general policy toward journal subscriptions are being dis- 
cussed. 
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SCENARIO 4 

Sensitivity Analysis of Cost-Effectiveness* 



Bibllo has developed the following model, as described in Case 
Study 4, for the undertaking sensitivity analyses for a rational policy 
of journal subscriptions: 

(1) + C-0 + E 

^ ' 0 + E ? C 

The following information was collected and tabulated by Bibllo on 
requests for journal articles In the RholdvlUe Public Library during the 
first six months of 1976: 



Total number of filled requests 3132 

Sources for articles 

Shelf of Rholdvelle Library 1040 

File of previously obtained Items 794 

State library clearinghouse 62B 

Adjacent county public library 374 

State University Library 196 



Table 4.1 Handling Costs of Owning a Journal Title One Year 



^llacKS 



Tasks 



III IT — 

mnutes rer 



Reserve Room 



Cost/ Minute 



Cost/Ti'^le 



KK stacks 



Professional Super- 
vision 

Clerical 
Unwrapping Journals 
Logging In 
Shelving (unbound) 
Claiming missing 



Storage 9 $5/sq.ft. 



33.3 



2.0 
10.4 
6.3 
2.0 
2077" 



33.3 



2.0 
10.4 
2.6 
2.0 
TTTff 



$0.12 



$4.00 



0.07 



1.45 
1.70 



$4.00 



1.19 

.62 



TOTAL 



7.15 



5.B1 



The tables used In this scenario have been adapted from Margaret Phillips, 
"Cost Analysis of a Document Retrieval System,*' unpublished paper. Smith, Kline 
and French Laboratories* Philadelphia* Pa., June, 1969. 
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Table 4.2 Cost to Obtain an Article from Rhoidville Public Library Shelf 



Tasks 


Minutes/Request 


Cost/Minute 


Cost/Req 


uest 


F 1 1 o Cn n v 
r 1 1 c V/U p jr 


tJW Flic 

Copy 


H le Copy 


No Fi le 
Copy 


Professional 












Fill out request 












form 


.88 


.88 








Keep statistic 


.26 


.26 








Find locations 


.43 


.43 










1.57 


1.57 


.12 


.19 


.19 


Clerical 












Pull journals from 












shelf 


1.27 


1.27 








Find journals not 












on shelf (23%) 


1.37 


1.37 








Prepare requests 












for duplication 


1.34 


1.34 








Match article with 












request 


.22 










File file copy 


.28 












4.48 


3.98 


.07 


.31 


.28 


Duplicating cost 












@ $0.07/page, 












6.4 pp/request 








.43 


.22 


TOTAL 








.93 


.69 
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Table 4.3 Cost to Obtain a Copy of an Article from the State Library 
Clearinghouse 



Minute s/ReQuest 



Tasks 



File Copy 



To File 
Copy 



Cost/Minute 



cost/ Request 



Trie Copy 



Purchase price/ 
article 

Professional 
Fill out request 
form 

Keep statistics 
Find locations 



Clerical 
Type order fonps 
Hatch order with 
request 

Prepare for dupli- 
cating 

Mail to user 
File library copy 

Duplicating 9 
tO.OZ/page, 
avg. 6,4 pp/ 
request, 1 copy 

TOTAL 



.88 
.26 
.43 
137 



1.08 

.39 

.81 
1.22 
.28 



.88 
.26 
.43 
1.57 



1.08 
.39 

1.00 
7777 



2.00 



.12 



,19 



.07 



.26 



.44 



2.89 
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Table 4,4 Cost to Obtain a Copy of an Article from the Adjacent County Library 



Tasks 


Minutes/ 


Request 


Cost/Minute 


Co St/ Request 


File Copy 


rio Pile 
Copy 


File Copy 


No File 
uopy 


Professional 












Fill out request 












form 


.88 


.88 








Keep statistics 


.26 


.26 








Find locations 


.43 


.43 










1.5? 


1.67 


.12 


.19 


.19 


Clerical 












Order journals by 












phone 


.88 


.88 








Prepare request 












for duplicating 


1.34 


1.34 








Mail to user 


1.22 










File library copy 


.28 














2.22 


.07 


.26 


.16 


Duplicating cost @ 












$0.07/page, 6.4 pp/ 
request, 2 copies 








.86 










.44 


TOTAL 








1.31 


.79 
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Table 4.5 Cost to Obtain a Copy of an Article from the State University 
Library 



Tasks 



Hinutes/Requast 
File Copy 



Copy 



Cost,'Minute 



Cost/Reg 
File Copy ' 



uest 



No File 
Copy 



Purchase price/ 
article 9 6.4 
pp/article, 
$0.50/page 

Professional 
Fill out request 
form 

Keep statistics 
Find locations 



Clerical 
Type order forms 
Match order with 
request 

Prepare for dup- 
licating 
Mail to user 
File library copy 



Duplicating, 9 
$0.07/page, 6.4 
pp/ request, 1 
copy 



.88 
.26 
.43 
TTS7 



1.40 

.39 

.81 
1.22 
.28 



.88 
.26 
.43 

T17 



1.40 
.39 

1.00 

7:79 



3.20 



.12 



.19 



.07 



.29 



.44 



3.20 



.19 



.20 



TOTAL 



4.12 



3.59 
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Table 4.6 Cost to Obtain Copy of Article from R,P,L- File 





Minutes /Request 


Cost/Minute 


Cost/Request 


Tasks 


File Copy 


No File 
Copy 




File Copy 


No File 
Copy 


Professional 
Fin out request 

form 
Keep statistics 
Find locations 


.88 
.26 
.43 
1.57 




.12 


.19 




Clerical 

Pull from file 
Prepare for dup- 
licating 
Mail to user 
n ie Tile copy 


.28 

.61 
1.22 

.28 
2.59 




.07 


.18 




Duplicating cost, 
@ $0.07/page, 
6.4 pp/request, 
1 copy 








.44 




TOTAL 








.81 






In addition, Biblio had also noted the average length of time of 
delay that it took from the request to fulfillment of the request 
from each of the outside sources: 



State Library Clearinghouse 
Adjacent County Library 
State University Library 

Assume the average annual subscription price/journal = $20,00, 

Now, without considering the time delay costs and qiven the 
preceding information, and assuming that a file copy is also re- 
quested, (1) how does the critical number of requests vary with the 
average annual journal subscription cost? (2) If the serial clerk's 
salary increases from $0-07/minute to $0,09/minute, how does the 
critical number of requests change? (3) If the price of purchasing 
an article from the State University Library doubles, how sensitive 
is the critical number of requests to justify subscription? 

(4) Now, include true delay costs and assume they change from 
$0.50/day to $0.75/day, how does the critical number of requests 
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Exercise 3 
GROUP PROBLEM DESIGN AND ANALYSIS 



You are asked to devise a problem In which one of the evaluation techniques 
discussed in this workshop (or a related one) would be used in its solution* If 
you can make a relation to a problem encountered in your agency^ the exercise will 
probably be of greater benefit to you than a con^letely hypothetical problem* 
After carefully articulating the problem statement, you should then systematically 
proceed with a series of analytic/evaluative procedures which will yield a solution. 

For a problem which lends itself to cost-benefit analysis, for example, the 
following steps should be considered after the problem Is articulated: 

An operational statement of the goals or objectives which the 
organization Is trying to achieve with the given project. 

Articulation of a set alternative projects or courses of action 
to meet goals/objectives in (1)* 

The identification and specification of all_ relevant costs and 
benefits associated with the project (alternatives)* 

Translation of the cost and benefit Items to streams of costs and 
benefits* 

Selection of the appropriate discount rate and application of it 
to the cost and benefit streams. 

Calculation of benefit-cost ratio and project selection. 

Sensitivity analysis of the analytic procedure: is the particular 
solution highly sensitive to a chosen parameter or an assumption you 
have made In the analysis which may not be highly accurate? 

Does the solution of the problem satisfy the stated goals/objectives 
In (1)? What Items/Issues might you have overlooked or Ignored? 

Can the alternative solution chosen by practically Implemented? 
If not, what Items have you overlooked? 
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A Glossary of Frequently-Used Terms in Cost-Benefit and Cost-Effectiveness 

Analysis 



Annuity; 
Asset: 



Benefit-cost ratio: 



Capital : 



Amortization: a. gradual reduction of a debt through periodic 

payments covering the interest and part of the 
principal , 

b, a method of recording the decline frm its 
original value of some facility over the estimated 
life of the facility. 

a peyment made at some regular interval for a 
specified or unspecified length of time. 

a property or right that has a value to the given 
owner. Current or IJqujd assets can readily be 
converted to cash, while" fixed assets (e.g,, equip- 
ment. buildings) are less easily converted to money. 

a ratio used in cost-benefit analysis which ex- 
presses the value, or benefits, created by a pro- 
ject to the costs of the project. When the bene- 
fits exceed the costs {the ratio > 1), the ratio 
suggests that the project is a worthwhile one. 

the stock of goods used to carry out a project. 
Buildings, equipnent, raw materials and various 
forms of money stocks are types of capital dis- 
tinct frm direct land and labor inputs Involved 
in the immediate project activity. Capital costs 
is the money value of a class of elements in the 
total cost stream of a project. 

the difference between the total amount of money 
an individual (or group) would be prepared to pay 
for some good and the amount he (she) actually has 
to pay. This is considered a net benefit when a 
project would enable a consumer of a given service 
to get what he (she) wants for less money than he 
(she) would otherwise be willing to pay. 

Cost-benefit analysis; the identification and calculation of all the rele- 
vant costs and benefits of alternative projects 
used for evaluation of these alternatives or 
future dec1sion*making among them. An attempt 
should be made to identify indirect as well as 
direct benefits and costs, as well as the various 
social benefits and costs in addition to the 
fi nancial items. 



Consumer surplus: 



71 



ERIC 



VI. 5.40 



Cost^Benefit and Cost- 
Effectiveness Analysis 



Cost of capital 



Cost-effectiveness 
analysis; 



Cost-revenue ratio: 



Demand curve; 



Depreciation; 
Diminishing returns; 

Discount rate; 



Economic rent; 



the cost of obtaining capital in the form of 
money credit^ to be used for financing a given 
project. Often the cost of capital is expressed 
as the going interest rate and is commonly a 
surrogate for the discount rate. 



the identification of the relevant costs of al- 
ternative projects which meet a specified minimum 
level of performance^ or effectiveness . The least- 
cost alternative would be the most preferred choice. 
More generally this technique is more concerned 
with the performance standards of alternative pro- 
grams than with the most efficient alternative as 
in cost-benefit analysis, 

a ratio comparing the costs of a public project 
with the revenues (taxes) which would be generated 
by such a project, 

a graphical presentation showing in what quantities 
a good or service will be bought at differing 
prices with all other influences remaining constant. 
Typically^ as the price rises^ the quantity de* 
manded falls; as price drops» quantity demanded 
rises. 

a reduction in the value of an asset due to use 
and/or obsolescence, 

describes the situation when each additional unit 
input to a system brings about successively less 
and less amount of additional output and when every- 
thing else remains constant. 



the society's or an individual's ra 
ference^ comnonly expressed as the 
Since we generally would prefer to 
asset in the present rather at some 
future^ we "discount" future benefi 
of an investment stream so that all 
expressed In present value terms, 
we are indifferent between $100 now 
year from now» then the social rate 
10%» and the $110 is appropriately 
to $100 which is its present value . 



te of time pre- 
interest rate , 
have a given 
time in the 



ts and costs 
items can be 

For instance^ if 
and $110 one 
of discount is 

"discounted" 



when an input into the production of a good or ser- 
vice earns more than the minimum to keep that input 
from being used in an alternative use» the excess 
payment is called economic rent . When the supply 
of an input is limited^ such as the case with urban 
land» the economic rent may be considerably large. 
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Effectiveness : 



Efficiency; 



Elasticity: 



Equilibrium: 



Externalities 
{external effects, 
spillover effects): 



Factors of production: 



Human capital : 



a process or activity is effective when a given 
desired performance level is reached. The most 
effective activity among alternatives is that which 
achieves the desired level of performance at lowest 
cost. 

an activity is efficient when the additional out- 
puts accruing from an additional unit of input 
are maximized. The most efficient alternative 
among many is that activity which would yield the 
largest additional output with an additional unit 
of input among all the possible alternatives. 

the responsiveness of one variable to a change in 
the value of another variable. For instance, the 
(price) elasticity of demand for some item measures 
the percentage change in quantity demanded relative 
to a percentage change in the price of that item. 

the state of a system in which all forces affecting 
that system are in balance. An economic system is 
said to be in equil ibrium when consumers wish to 
purchase the same amount the producers wish to sell, 
and no more, at a given, equilibrium price . 



the effects of the production or consumption of a 
good or service upon a third party otherwise not 
involved in the transaction. Typically the pro- 
ducer of such effects does not accept responsibility 
for these effects, and further they are not trans- 
mitted through the market, and hence remain unpriced. 
Externalities can be either positive (benefits) or 
negative (costs). Freely discharge pollution is a 
classic example of a negative externaltiy released 
on a community. 

all the various inputs to a production process 
wherein they are combined in a particular way to 
produce goods and services* land, labor, capital > 

the investment in education and skills for the pur- 
pose of increasing the productivity of the labor 
force. 



Marginal efficiency 
of investment: 



Marginal cost: 



the return to an activity (output) from the last 
unit of investment (input). 

the additional cost of producing an additional 
unit of output. 
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Market econorny; 



Market failure: 



Multiplier: 



Net benefits: 
Opportunity cost: 



Pareto-optimality 
(efficient): 



Present value 
discounted: 



ERIC 



a type of economic organization in which supply 
and demand determine the production and distribu- 
tion of goods and services by means of forces in- 
ternal to the market system. Competition and 
pricing are fundamental aspects of this type of 
econorny, 

a situation where the market does not perform its 
essential function of the allocation of scarce re- 
sources in an efficient manner. There can be many 
reasons for market failure. Two of the most im- 
portant are the existence of imperfect competition 
or the existence of externalities . 

the r?*tio of a change in total Income (or **benefi ts'*) 
for an area to the amount of initial investment 
that causes this change. The multiplier shows how 
small initial expenditures can generate much larger 
impacts. Often used in impact analysis to analyze 
the transmission of an initial "shock'* throughout 
a system such as a local econorny. 

the algebraic difference between project costs and 
benef i ts . 

the cost of any item in terms of the most desired 
alternative. The use of any resource implies "op- 
portunities foregone** for using that resource in 
an alternative activity. Thus a resource which 
is not being used In the most efficient manner and 
for the highest use is said to be Incurring oppor- 
tunity costs to society. 



a situation that exists when no one actor can be 
made better off (higher utility level) without 
making at least one other actor worse off (lower 
utility level). A situation (social state) Is not 
Pareto^optimal if It Is possible by engaging in a 
transaction to make at least one of the actors In 
an economic system better off without making any 
other c-ctor worse off, Pareto-optimal situations 
are aimed for in cost-benefit frameworks, but are 
not attainable if there exist either imperfect 
competition or externalities . 



In a stream of benefits and costs for a project, 
future benefits and costs are appropriately **dis- 
counted" to their present value , A given future 
benefit or cost has less value in the present, and 
thus a proper evaluation of alternative projects 
must be based on a dollar standard which is invari- 
ant to the nature of a particular stream. Present 
value dollars bj^ convention is chosen to be this 
standard, PVO is independent of the effects of 
Inflation, 
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Productivity: 



Program budgeting: 



Rate of return: 
Social benefits: 

Social capital: 
Social costs: 



Transfer earnings 



Value added: 



the amount of output produced per unit of Input 
( factors of production ) when the same amount of a 
factor input produces more output than in a pre- 
vious period, all other factors held the same» then 
we would say that the productivity of that factor 
has Increased. 

a technique of budgeting wherein expenditures are 
classified primarily by programs (and sub-programs) 
which are designated to meet certain designated 
objectives. The emphasis then is on budgetary 
elements that relate to objectives rather than the 
objects of expenditure. 

the ratio of profits to initial outlay (investment) 
for a project. 

the value of the gains from investment to a com- 
munity that may be secondary to the primariy purpose 
of the Investment project and/or may not be account- 
able as private benefits accruing to individuals. 

the total stock of capital in a community, which 
includes public facilities such as schools* trans- 
port facilities, etc. 

costs which do not appear in the accounts of a 
private organization, but may be absorbed by the 
community* e.g.» congestion, pollution, crime, and 
other burdens on public facilities. 

the amount that an input in production must be paid 
to keep it from moving to some other use. Transfer 
earnings are equal to the amount an Input could 
earn in the best paid alternative use. 

the money value created by some action on a good 
or service purchased from another producer. Value 
added is calculated by subtracting from the sellers 
price the cost of his raw or Intermediate materials. 



VI. 5.44 



Cost-Benefit and Cost- 
Effectiveness Analysis 



Selected References Related to Cost-Benefit/Cost-Effectiveness Analysis 

and Project Evaluation 



I. General and Background Readings 

P. Dasgupta, et. al., Guidelines for Project Evaluation (New York: 
United Nations, 1972). 

R. Dorfman, ed., Measuring Benefits of Governmental Investment '^ 
(Washington: The Brookings Institution, 1965). 

M. A. Goldberg, "On the Inefficiency of Being Efficient," Environment 
and Planning . Vol. 7, No. 8, December, 1975. 

R. Havanan and J. Margolis, ed.. Public Expenditures and Policy Analysis 
(Chicago: Markham, 1971). 

M. Hill, "A Goals-Achievement Matrix for Evaluating Alternative Plans," 
Journal of the American Institute of Planners , January, 1968. 

R. Layard, Cost-Benefit Analysis: Selected Readings (Baltimore: Penguin 
Books, 1974). 

I. M. D. Little, A Critique of Welfare Economics (London: Oxford 
University Press, 1958Ti 

A. Maass, et. al. Design of Water Resources System (Cambridge, Mass.: 
Harvard University Press, 1962). 

J. Maclalello, Dynamic Benefit-Cost Analysis (Lexington, Mass.: Lexington, 
Books, 1974). 

L. Merewitz and S. H. Sosnick, The Budget's New Clothes (Chicago: Markham, 
1971). 

E. Mishan, Cost-Benefit Analysis (New York: Praeger, 1976). 

T. Newton, ed. , Cost-Benefit Analysis in Administration (London: George 
Allen and Unwin Ltd., 1972). 

C. Schultze, The Politics and Economics of Public Spending (Washington: 
The Brookings Institute, 1976). 

B. A. Weisbrod, "Income Redistribution Effects and Benefit-Cost Analysis," 
Problems in Public Expenditure Analysis . S. B. Chase, ed. (Washington: The 
Brookings Institute, 1968). 

II. Housing and Urban Renewal 

S. Awerlach, Policy Evaluation for Conomunity Development: Decision Tools 
for Local Government (New York: Praeger, 1976). 



VI. 5. 45 "^6 



Policy/Program Analysis and 
Evaluation Techniques 



D. Capazza, '^Measuring the Benefits of Urban Improvements," The Annals 
of Regional Science . Vol. IX, No. 2, July, 1975. 

J. DeSalvo, "A Methodology For Evaluating Housing Programs," Aldine 
Annual t 1971 (Chicago, Aldine-Atherton, 1971). 

N. Lichfield, "Cost-Benefit Analysis in Urban Redevelopment: A Case 
Study," Papers and Proceedings of Regional Science Association , Vol- 16* 1966. 

T, Newton, "Urban Redevelopment and the Social Cost of Slums," Cost- 
Benefit Analysis in Administration (London: George Allen and Unwin Ltd,, 1972). 

J. Rothenberg, Economic Evaluation of Urban Renewal (Washington: The 
Brookings Institute, 1967). 

III. Environmental Quality, Energy, and Natural Resources 

Battelle Memorial Institute and Pacific Northwest Laboratory, Evaluation 
of Municipal Sewage Treatment Alternatives (Springfield, Va.: National 
Technical Information Service, 1974)- 

Bershire County (Mass.) Regional Planning Comnission, Evaluation of Power 
Facilities: A Reviewer's Handbook , 1974. 

J. W. Brown, Models and Methods Applicable to Corps of Engineers Urban 
Studies (Visksburg, Miss.: U.S. Army Corps of Engineers, Waterways Experiment 
Station, 1974). 

C, Cicchett, et. al., "Benefits or Costs? An Assessment of the Water 
Resources Council's Proposed Principles and Standards," Aldine Annuals 1972 
(Chicago: Aldine_Atherton, 1972). 

M- Hill and M. Schecter, "Optimal Goal Achievement in the Development of 
Outdoor Recreation Facilities," Studies in Regional Science , 1970. 

R. Mack and S. Meyers, "Outdoor Recreation," Measuring Benefits of Government 
Investments . R- Dorfman, ed. (Washington: The Brookings Institution, 1965). 

T. Newton, "The Benefits of Recreation: A Survey and Case Study," Cost- 
Benefit Analysis in Administration (London: George Allen and Unwin Ltd*, 1972). 

IV. Transportation 

American Association of Highway Officials, Road User Benefit Analyses 
for Highway Improvements (Washington: American Association of Highway 
Officials, 1960). 

T. J. Batchelor, A Benefit-Cost Analysis of a Freeway System With Respect 
to an Average Real Estate Equity (Springfield, Va.: National Technical 
Information Service, 1974). 



i ( 

VI. 5. 46 



Cost-Benefit and Cost- 
Effectiveness Analysis 




J. W. Dickey, senior author, Metropolitan Transportation Planning 
(New York: McGraw-Hill Book Company, 1975). 

J, M. English, ed. , Cost-Effectiveness ^ the Economic Evaluation of 
Engineered SVstems (New York:- Wilev, 1969), 

A. Harrison and S. Holterman, "Economic Appraisal of Transport Projects 
and Urban Planning Objectives," Aldine Annual t 1973 (Chicago: Aldine- 
Atherton, 1973), pp, 214-238. 

N, Lichfield, "Cost-Benefit Analysis in Plannifig: A Critique of the 
Roskill Commission," Aldine Annual ^ 1971 (Chicago: Aldine-Atherton, 1971)^ 
pp. 378-404. 

H, Mohring and M. Harwitz, Highway Benefits: A vi A nalytical Framework 
(Evanston, 111.: Northwestern University Press, 1962)7 

H. Mohring» "Urban Highway Investments," Measuring Betiefits of Government 
Investment . R. Dorfman, ed. (Washington: The Brookings Institution, 1965) 
pp. 231-288. 

National Cooperative Highway Research Program, Methods For Evaluating 
Highway Safety Improvements , (Washington: National Academy of Sciences, 
Transportation Research Board, 1976), 

National Cooperative Highway Research Program, Report No. 156, Transportation 
Decision-Making: A Guide to Social and Environmental Considerations (Washington: 
National Research Council, Transportation Research Board, 1975). 

The Rand Corporation, Measurement and Evaluation of Transggrtation System 
Effectiveness (Springfield, Va,: Federal Clearinghouse, PB-185 772, 1969). 

A. J. Robson, "Cost-Benefit Analysis and the Use of Urban Land for 
Transportation," Journal of Urban Economics , Vol. 3, No. 2, April, 1976. 

H. Van der Tak and Anandarpu Ray, "The Economic Benefits of Road Transport 
Projects,'' Aldine Annual. 1972 (Chicago: Aldine-Atherton, 1972), pp. 132-172. 

V. Employment, Manpower and Human Capital 

For an annotated bibliography in manpower and human capital, see W. D. 
Wood and H. F. Campbell, Cost-Benefit Analysis and the Economics of Investment 
in Human Resources (Kingston, Ont. : Industrial Relations Centre, Queen's 
University, 1970), pp. 1-15 and pp. 125-189. 

S. Barsby, Cost-Benefit Analysis and Manpower Programs (Lexington* Mass.: 
Lexington Books* 1972). 

J* Goldstein, "The Effectiveness of Manpower Training Programs: A Review 
of Research on the Impact on the Poor," Aldine Annual. 1972 (Chicago: Aldine- 
Atherton, 1972), pp. 321-337. 




VI. 5. 47 



75 




Policy/Program Analysis and 
Evaluation Techniques 



R. Haveman, et. al., "Earnings Supplementation Plans for 'Working Poor' 
Families: An Evaluation of Alternatives," Aldine Annual ^ 1973 (Chicago: Aldine 
Atherton, 1973), pp. 291-318. 

T. Newton, "Urban and Rural Planning, Location, and Regional Employment," 

Cost-Benefit Analysis in Administration (London: George Allen and Unwin Ltd., 
1972). 

E. W. Stormsdorfer, Review and Synthesis of Cost-Effectiveness Studies of 

Vocational and Technical Education {Monticello, UK: Council of Planning 
Librarians, 1973). 

VI. Economic and Social Development 

N. Caiden and A. Wildavsky, Planning and Budgeting in Poor Countries (New 
York: Wiley, 1974). 

P. Dasgupta, et. al.. Guidelines for Project Evaluation (New York: 
United Nations, 1972). 

A. Harberger, "On Measuring the Social Opportunity Cost of Labour," 
Aldine Annual. 1971 (Chicago: Aldine-Atherton, 1971), pp. 79-99. 

I. M. D. Little and J. Mirrless, Project Appraisal and Planning for 
Developing Countries (London: Heineman Educational Books, 1974). 

S. Marglin, Public Investment Criteria: Benefit-Cost Analysis for 
Planned Economic Growth (Cambridge, Mass.: M.I.T. Press, 1967). 

E. Mishan, "Cost-Benefit Rules for Poorer Countries," Aldine Annual . 1971 
(Chicago: Aldine-Atherton, 1971). 

A. Papandreou and U. Zohar, Project Selection for National Plans: National 
Planning and Socioeconomic Priorities - A Two Volume Series (New York: Praegar, 
1974). 

VII. Social Service Delivery Systems 

For an annotated bibliography see W. D. Wood and H. F. Campbell, Cost- 
Benefit Analysis and the Economics of Investment in Human Resources (Kingston, 
Ont: Industrial Relations Centre, Queens University, 1970), pp. 189- 1 97 . 

R. Ackoff, "Toward Quantitative Evaluation of Urban Services,'" Public 
Expenditure Decisions in the Urban Conmunity . H. Schaller, ed. (Washington: 
Resources for the Future, 1963). 

R. Chinitz and C. Tiebart, "The Role of Cost-Benefit Analysis in the 
Public Sector of Metropolitan Areas,** The Public Econorny: of Urban Cornnunities . 
J. Margolis, ed. (Washington: Resources for the Future, 1965). 

B. S. Cooper and N. L. Worthington, Comparison of Cost and Benefit 
Incidence of Government Medical Care Programs , Fiscal Years 1966 and 1969 
(Washington: U.S. Department of Health, Education and Welfare, Social Security 
Administration, Office of Research and Statistics, 1974). 




Cost-Benefit and Cost- 
Effectiveness Analysis 



K. A. Fox, ed. » Economic Analysis for Educational Planning: Resource 
Allocation in Non-Market System [Baltimore: Johns Hopkins University Press, 
1972). 

W. Hanson, "Rates of Return to Investment in Schooling in the United 
States," EcontOTics of Education , M. Blaug, ed. (Oxford, N.Y.: Pergaman 
Press, 1966), pp. 137-155. 

H. Heinemann and E. Sussna, "Criteria for Public Investment in the Two- 
Year College," Aldine Annual . 1971 (Chicago: Aldine-Atherton, 1971), pp. 
212-225. 

N. Lichfield and J. Margolis, "Benefit-Cost Analysis as a Tool in Urban 
Government Decision-Making," Public Expenditure Decisions in the Urban Conimunity . 
H. Schaller, ed. (Washington: Resources for the Future, 1963). 

N. Lichfield, "Cost-Benefit Analysis in Urban Expansion," Regional 
Studies, September, 1969. 

Metropolitan Council of the Twin Cities, Metropol i tan I nves tmen t 
Framework: Development Guide Chapter, 1975 (Saint Paul, Minn. : The Council , 
1975). 

S. Nagel, Minimizing Costs and Maximizing Benefits in Providi net Legal 
Services to the Poor (Beverly Hills, Calif.: Sage Publications, 1973). 

C. P. Newhouse and W. Schwartz, "Policy Options and the Impact of 
National Health Insurance," Aldine Annual » 1974 (Chicago: Aldine-Atherton, 
1974), pp. 128-166. 

D. Shoup, "Cost Effectiveness of Urban Traffic Law Enforcement," Aldine 
Annual, 1973 (Chicago: Aldine-Atherton, 1973), pp. 188-213. 

W. C. Sze and 0. C. Hopps, ed.. Evaluation and Accountability in Human 
Service Programs (Cambridge, Mass.: Schenkman Publishing Co., 1974). 

U. S. Public Health Service, Economic Effects from Public Health Services 
(Washington: Department of Health, Education and Welfare, U. S. Public 
Health Service). 

B. Weisbrod, "External Effects of Investment in Education," Economics 
of Education . H. Blang, ed., (Oxford, N. Y.: Pergaman Press, 1966), pp. 
156-182. 



VI. 5. 49 

80 



Worksheet for Free-Format Group Project 
gorkflheet A 



Operational Set o£ Goais/nbjectlvei 



Alternative Frojects/Couraes of Action 



Si 




toftsheet B 


Cost-Items 






i 

i 


Alternative S 

1 


Alternative C 

1 

1 
» 

[ 


Alternative D 



id 



Alternative C 



Alternative D 



Worksheet C 



Benefit Items 



Alternative A 



Alternative 9 



84 



85 



Morksheet 



STREW* OF BEHEFITS AHO COSTS 
(FILL IH ESTir«T£S) 



lino Period 





\ I 


i 1 . 1 


1 












( 






t. i I 


■ i 1 1 












^— . 








J. 


















! ' ' 


1 1 




















1 ! 


































... _. 








1 — ^ — ' — 




















■ i 


: f 




— 1 








1 












' 






1 — r— — J 






r 


J J 

* 


r 


















t- - 


t 




1 




r — T 

1 . *. 




- 






















! ! i 


T 
















_ ..... 


: — "" 


. 


t 1 ! : 










Costs Itw ! \ 


[ 1 








■ ■ 








1 ! ! 1 










11, 1 















1 r ^ 1 


























1 \ \ i \ 










\l\ ' - — 


















L— ^ 
























r- 

* 


I i ^ ^ ^ ^ 




1 




■T, ^ '~ 






i 




! 1 1 


: : 1 . 






< 


t, . : 


\ 








1 J 


1 . !— j 




^ 




?. ! 










1 i 1 






1 




IC-. 







i 


I . \ \ _ 4 




■ . 


} 














i 








' 1 


i ' ■ ! 






, ^— 

1 i , i 








i ! 

i 1 i 


1 ■ ' . . • 

1 : ' ■ - t 

1 1 , 1 . 1 


1 

• . 1 



Q7 



ERIC 



